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Foreword 



i he i .iini! DuratiiHi i A|x»ua* f aciiily (i I has hccn designed h> lake 
advanlaiie of the {^o-^ay iransportalion capability ot ihe Space Shuttle. 
Spet itically . the LDhl- is desigiKni to provide a large number o( ecomnnical 
iipfiortu nines tor scteiKV and iechn4>logy experiments that require ni^Hlesl 
electrical pi>wcr and data pmcessing while in space and which benefit from 
p^isttlighi laborator) investigations w ith the aMrieved experinnrnt hardware, 
llie tirsi i.DIJ- mission (appn>\imalely 12 months duraiion) is cunvnti) 
siheduled Un SIS 13 in earl\ April h*X4, and subsequent missions aiv 
envisiiincd. jx^sNibly e\er) 18 months. 

I1ic editors would like \o acknow ledge the eoniributions ol all the Long 
Duration lAjtosua* l acilily experiment investigati>rs who furnished Ihe 
ilcscriptivc material used in pa'paring this diKument. Special thanks is also 
due Mrs (Henna I) Manin ot the IJ)1:I- Payed Ottice stall tor her 
invaliiahk* aNMslance 
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IntroductMHi 



The Space Shuttle brings a ikw din^n^iiun to sf^scc research, as was firsi 
(kmonstraied dramaticaiiy on AfHil 14^ 198 L wl^n the gleaming black ami 
white craft landed and mlled to a sfc^ at Edwards Air Force Base. The Shuttle 
can transport pay loads with ease mN only to space ^t also from space, and the 
Long Duration HKpi>sua* Facility (LI>KF) has been tailinvd to utili/e this 
twivway transpoitation capability. 

Specifically, the LDEF has been designed to provide a large number of 
economical i^f^fKHtunitHrs for science and technology experiments that require 
imidest electrical power and data prtKessing while in space and which bcf^fit 
from posUlighi laboratory investigations wiih the nrtrieved experiment hard- 
ware. In tact, many of the experiments deveU^ied Uw the first LDHF-S TS 
mission are completely pa.s^ivc and will depend entirely on poMflight tabwa- 
tiny investigatiiNis for the experin^nt results. 

Like the Shuiile, the LOBF is reusable, and appeal missions avc planned, 
each with a mrw compien^nt of experiments. Dh! first LDHF missiiHi is 
currently scheduled for early 1*^84 and subsequent missions arc envisioned, 
possibly every IK nnrnths. 

Ile5^ri|>tkm ni LDtlF 

llic Ll)l;f- IS esNcniialiy a free-flymg cvlindrical strucluie. Ilie exjvn- 
nKMUs on LDhF are lotahy self contained in irays numnied on the exterior of 
the siruclurc LI)I:F can accomnuHlate 86 experiment trays. 72 around the 
circumference and 14 on the two ends. 

The LDLF is delivered to F^rth orbit by ttK* Shuttle. In orbit, the Shuttle 
rcnuHe manipulator system (KMS) nrmovcs the LDFF from the ShuUle 
|)a\load txi) aiul places it in a j!ravi{y gradient stabilized attitude. After an 
exieiided period in i>rbil. which is scl by cxfKMimcni a'quiieiiients. the LDHF 
is airievcd on a subsequent Shuiile flight . The Shuttle RMS is used again 
during the retrieval to caplua* the LDFF and return it to the pay load bay . (See 
fig \ ) 

The LI)t:F iipcraiion hicuses on exfxrrimenters in the user conmiunit> 
uhi» coiK'Cive. build, and mount their a^sf^eclive cxpenmenis in irays for 
atiachment lo fhe LDl:F. As LDFF has tw central power or data systems, the 
primary intcrluce u ilh the LDFF which is of concern to the experimenters is 
the mechanical and thermal interliH c of the ex{ierinH!nt to the tray. Jlu: LDFF 
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figure l.—Shutth-LOiF c^raf/ons. 



ikK's provide initiation and termination signals to expcrinKnts at the slart and 
end of the mission. Any power and/or data systems required by the experi- 
ments AK included by the experimenter in his respective tray. 

Fifiy-scven science and technok^y experiments involving investigati>rs 
(nmi the United States and niiK <Hhcr countrks are planned for flight on the 
llrsl IJ)Hh' mission. These experinKnts. a number of which include ad- 
ditional subexpenments. have been wganized into four categtM^: ( I ) mate- 
rials, coalings, and thermal .systems; (2) pi>wer and propulsion: (3) science; 
and <4) cicxironics and optics. Each of the experinK <its is discussed in this 
d(K umcn(. ITk* arrangement of these experiments on the I-DBF structure is 
illustrated in figure 2. 

Structure 

ITic l.DhF. which was built at NASA I^ngley Research Center, is a 
1 2-Mdcd open-grid structure made of aluminum rings and longertms (fore and 
aft framing members). (See fig. 3.) The LDEF is 30 ft long and 14 ft in 
diameter and weighs WXK) lb. The aluminum (606 1 -T6) center ring frame and 
end frames are of welded and bolted constructi<Hi . The longerons are bolted to 
btMh Jrames. and intcreostals (crosspteces positioned between the nwin rings) 
are bt»Itcd ti> the longerons ^o (onn intermediate rings. The main lo«i of the 
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lJ)t:h MissUm I Expehmeim 




shiftmvni tn WSA AS( 



i lH.l- IN iranMnitlctl u» ihc orbilci through iv^o suU- suppoM irunmiiM> on fhc 
Lcnicr rinji A kcc! filling on ihc ccnicr ring giws lalcial Nupfnni 

The cm! supi^irt beam, allachcU b\ a pin loiru loonc cnJ li amc vmII lake 
\cdical k»udN anU ensure lhat load> ihn>ugh Ihc aliawhmcnt li.iingN aic siaiK 
I lie end suppoH beam alst» reduee> ihe cUccIn of thermal distoilion and »»ihcr 
nnsaliunmenlN when LDtl in redeployed into the orhiicr n pavload h.i\ A 
lillinp to a!hm altachriK'nt of the orhiter s rvmoic nunipuiaitM s\Nicm in 
liKalcd in a lra> near the eenicr ring frame 

I xpiTinienl lra>s 

I \ pica! lra>N ft>r iimuniing c\|>erimcnc haidwaic lo the iKiipficr > ui the 
I 1)1, 1- structure aie M in. \Mde and %) m long iScc tig 4 ( Imvv lui 
mounlin haidwaie onihe end franv are smallei { U in sijuaro The depths 
of Ihe tra>N >ar> asrequia-d hv ihccxpenments i rav depths being used on the 
liiNt l.Dlif- miNMon are V <>. and 1 2 in I ypaal expeiimeni sNcights ihd« van fv 
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figure 4.~~Typical LDf f experiment tray. 

accummtxiated in the frays range from 1 8() to 2(X) lb for the peripheral and end 
trays, rvspectively. The combined weight of the I.DIA- and the experimenls 
for the first missitm is appnjxinialely 21 4(K) lb. 

Informatkm 

l or additional information regarding LDHF capability am) operations, or 
future t)pp*munities to fly experiments on I.DHF. please contact: 

William H Kinaid 
I.DKF Chief Scientist 
Mail Slop 258 
NASA Ungley Research Center 

Hampton. Virginia 23665 
(WW) K6.5-37{)4 or FTS 928 37(>4 
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Growth of Cryst^ From Sohitloiis in Low Gravity 

(A0139A) 



M. Davki Limi 
Rockwell Intematkmal Science Center 
Ttiousand Oaks. California 

KieU F. Nielsen 
Technical University of Denmark 
Lyngby, Denmark 

Backgroond 

These crystal growth experiments are an extension of preliminary 
experiments performed during ihe Apollo- Soyuz Test Project flight and 
similar experiments being developed for a Spacelab flight. The crystal growth 
method to be used consists of allowing two or more rcactant solutions to 
diffuse slowly toward each other into a region of pure solvent, in which they 
react chemically to form single crystals of a desired substance. This mediod 
(tepends on suppressicm of ccmvectkNi and sedimentaticm. Suf^nession of 
convection should also eliminate the microscqnc compositional fluctuations 
often caused by time-<kpendent convectiw» in crystal growth systems. In 
many cases, convection and sedimentation can be completely eliminated only 
uiKler tiK: conditions of ccmtinumis low gravity attained during orbital ^>ace 
flights. Ideally, this type of crystal growth process requires that a low level of 
gravity (less than 10 g) be maintait^ for a period of weeks or months. At 
present the LDEF flights are the only space flights planned which can fully 
satisfy this requirement. 

Objective 

The (*jective of tlwse experiments is to develop a iwvel solute diffusion 
method for growing single crystals. Crystals to be investigated arc PbS. 
CaCOj, and TTF-TCNQ. Each of these materials has current research and 
technological importance. PbS is a semiconductor, and CaCOj has useful 
optical properties; bodt would have many applications if they could be 
synthesized as large, highly perfect single crystals. The important property of 
TTF-TCNQ is its one-dimensional electrical conductivity. The conductivity 
is strongly dependent on crystal perfection; crystal growth m low gravity is 
expected to yield larger and more perfect crystals, which may have unique 
electrical prt^rties. 

The experiments arc expected to yield crystals of each of the materials 
which are superiw in size, structural perfection, and compositional iKMno- 
geneiiy to thtise heretoft>re obtainable. The availability of such crystals 
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should make possiWe better detenmn^ crftiteir Phy*«c«JlJ«P^ 
pcrhips, investigatkHi* of possible device W^^^T*^«2P!""J^ 
JSXiiso contSiteto a better unA^^ 

of crystal growth. 



The experimcms wiU irtUac specially dcs^ reactors (fig. 5) with 
three or mow compartmenis separated byvah^^ 
and sol vem seriated tite appaiatw fWKhOi ^ 
mechanism for opening the valves automitficaUy to «^ 
^^TmK^Vk itactart rescrvoin wiU be large eooni^^to take 
^121.^^^ time provided by dte LDEF flig^^ 
rca^R^ill be mounted in a l2-in.-decp end centos tray to^ on tte 
Earth-facing end of the U»F. Scv«tl reactors operator simuhaneoudywiU 
allow experimentatkffl with more to one crystal growth 8^ 
variitti^^conditioos for each. TTw reactoTi WiU bcenctosc^ 
tight container and wiH be surrounded by thermal instttown . The 

SSproximately 35T) wiU be regulated and any 

taieralure will be recwded. ftwer requirements wiM be provK^ 

batteries. 



Sohwnt cJwmber 



Reactant reservoir 



Reactant reservmr 





Valve shaft 

V^re plate 

(a) Reactor configuration. 

figum 5.— Cfystal growth experiment. 
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Ai^Hiuc-Oxygen-Stimulated Outgas^ 
(A0034) 

Robert L. Sccxt, Jr. 
Southern University 
Baton Rouge, Louisiana 

Roger C. Linton 
NASA George C. Marshall Space Right Center 
Hunl.sville. Alabama 

Background 

Many malerials (e.g., thermal control !iurf»:es) ate known to produce 
<Hiiga.sNed products and possible particulate contamination when exposed to a 
space environment. This contamination can produce severe epical damage to 
the surface. It can cause an imrrease in surface absorfMicm of inci<teni 
radiation, thereby altering a thermal comrol surface, cwr it can cause off-axis 
scattering of incident radiatitni, thereby reducing the imaging charactwislics 
of a specular reflector. 

The NASA Marshall Space Flight Center initially became involved in 
the contamination problem v/hcn it investigated the potential contamination 
problems associated with the Apollo Telescc^ Mount experiments. Since 
then, areas oi interest which have been investigated are sources, effects, and 
abatement of contamination; restcMiition of surf«;es; and sizing of micron-size 
•articles using light scatter. Thermal control surfaces, solid-riKket plume 
I ipingements. and returned S!:ylab specimens have been examined. The 
nx hanisms of contaminants and synergistic effects of the space environment 
ate nt»t fully undcrsttHxl. and the results of these investigations tk) mH show 
contamination damage of the magnitude observed on the Skylab mission. 

Objective 

ITic objective of this experiment is lo tfctermine if the impingement of 
ati>mic tjxygen in near-Karth orbit is a majt^ factor in producing optically 
damaging outgas.sed pnxhicts. The expected results will be to i^Hain samples 
which have been cxpt>sed to atomic oxygen for long durations. Analysis of 
these samples will determine if the impingement of atomic oxygen on the 
Ihcrnial conirol Nurfaces stimulates a significanl anKHint of outgansed prod- 
ucts. This cx|x-rimtfnt will give a clearer picture of tlw contamination iwt)blem 
ami will assist in assuring that future Shuttle paylciads. such as the Spac-e 
Tclcsco|ic and High-Hnergy AstromJipy Observatory, will experience 
Skylab contaminalitin levels. 

II 
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Selected themul c(Hi(n>l surfaces will be exp(>Ned to the atomic oxygen 
in the neur-Harth orbit. Passive ct»ilecting samples will collect any ind'ucvd 
(MJtgassing resulting from the oxygen impingement The optical ctMHlitit>n of 
the passive samples w ill be measuani using a ground-based integrating sphere 
retlecttHiK'ter and a directional reflectometer. 

Two packages are required, each ixcupying one-sixth of a 3-in.-dcx*p 
tray. (See tig. 6. ) One package will be positiimcd on the leading edge and one 
on the trailing edge of the LDKF. The thermal contml surfaces used on 
Skylab. as well as newly develt^ied surfaces, will be contained in the 
paLkages. ITie atomic twygen will impinge on the thermal contml surfiKres 
contained in the leading-edge container. Passive specular collecting samplc*s 
w ill be positioned to collect any comlensable outgassed prudiKrts {mxluced as 
a result of the oxygen impingement. The thermal control surfaces, as well as 
the collecting samples, will be exposed to the available ultraviolet radiati«w 
M» that enviriMimenf synergistic effects can be t*scrved.. Preexposure and 
pt»stexpi»surc analysis will include total hemispherical and bidirectional 
reflectance measurements. range of tlKse reflectance mea.surements will 
be 2 . .*» lt» 25(M) A . Postexpcisurc analysis of the leading-edge samples exposed 
to the atomic oxygen will be compared with theciMitrol samples positioned im 
the trailing edge and shielded frt>m the atomic oxygen. 
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HguK 6,^tomk:^oxY^'5tHfwi»ted experiment shown with top 
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Interactioa of AUmik Oxygen With SolM Surfoces 
at OrbM Altitiicles 
(A0114) 

JohnC. Gregoiy 
The Univmtty of Alabama 
^topvUle. AUdmma 

VsAmer N. Peters 
NASA George C. MarsimU Space Flight Center 
Huntsville. AhdMma 



Atomic oxygen and nitrogen aie known to be extremely reactive when 
impinging on solid surfaces. Chemical dunges can occur which alter optical 

and electrical properties and in some cases even remove Uiyere of m^al If 
the atoms impinge with the kinetic emrgy of orbital velocity (approximately 5 

eVforatomicoxygen).thcpossibUityofphysical8putleriMcxists TTiercis 
however, no experimental evidence for this because laboratory beams of 
sufTicient flux at these energies mc extremely difficult to produce 

Thcmechanismsfortheseinteractions«epooflyunderstood.andatthis 
time It IS nrt possible for a spacea»fl designer either to alkm for th^^ 
disregard them with tmpimity. TTus experimem is designed to expose a wide 

variety of surfaces to the intense atom flux in orttt in order to <tetermine the 
gross nature of the effects. 

As a platform for this type ofexperiment. die UWbpaiiiculariy well 
Milted comiMred with other spacecraft which am usually designed to poim or 
remain fixed in space. TTie attitude stabUizaticm mode of LDEF resul^in die 

same surface always bdng presented to the ambicm atmospheric flux along 
the velocity factor, while the opposite surface of the vehkle remains in a h^ 
vacuum. Also, since the LDEF is passive, die comamination problems 
encountered on spacecraft such as Skylab from venting or teakii^ fluids do 
ikH exist. •» 

Ofajectivcs 

The objectives of this experiment are to advance the knowledge of 
atom-Mirfacc interactions in the experimentally diflkuh etmgy nmaem 5 
ev. to enable surface experiments to be designed for future Shimle^ 
programs with greater chance of success, and to provide engmeeis and 
scientists in other areas with foreknowledge of the effects of the oxygen atom 
beam on critical surfaces. 
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Approach 

The basic approach to this experiment, as previously stated, is to expose 
a wide variety of material surfaces to the atomic flux in oit»it. The experiment 
is passive and depends on preflight and ptwrtflight measurements of the test 
surfaces in the laboratoiy. The experiment will also include a reflectometer 
device to measure atomic beam reflection angles and thus momentum ac- 
commodalitms. and a unique passive spacecraft attitude sensor. 

Bxposure of Samples 

Samples consisting of solid disks w thin film ctwlings on substrate disks 
will be mtwnted in a panel, as shown in figure 7 . The face of this panel will be 
flown on LDEF normal to the incident stream of oxygen atoms. Each disk will 
have part of its front surface masked so exposure to the atcnnic-oxygcn 
reactitm will be limited to selected areas, the shadowed areas being used as 
contn)i surfaces in the measurements. . ^ c 

A typical sample is an optically flat quartz disk overcoated with a film ol 
the material of interest. These include Ag. Au. Pt. Nb. Ni. Al. C, Si. Gc. LiF. 
and a few engineering materials. Scwne materials for which the expected 
removal rate is high . such as carbon, will be solid disks rather than thin films. 

nie experimem consists of two flight units. Each unit occupies one-sixth 
of a Vin.-deep peripheral tray with one unit located on the leading edge of 
l.DtF and the t>ther unit on the trailing edge. The samples on the trailing-edge 
unit will not be subjected to atomic-oxygen impingement and will serve as 
control samples. A thirxJ set of control samples will be kept in the laboratory to 
aid in pt>stflight analysis. To estimate the effects of contamination en- 
ctnintered during ascent, deployment, and descent of the Shuttle, a few 
samples will alst> be ctmtaincd in an experiment exposure control canister 
(HECO UK-ated with LDEF experiment StWIO. Exposure of Spacecraft 

CiKitings. ... 

hvitflight mea.surement techniques include step-height measurement by 
interfertMnetry and surface pn>filometry. optical densitometry, electrical 
resistivity, and depth pit>file of chemical composititm by Auger electnw 
spectn^scopy. 

Rcnecled Ati>ms 

Angles of reflection of the hyperthermal oxygen atom beam are rel^ 
to the extent of nK>mentum accommodation, of which little is known at these 
energies A stitmg forwaitl k>be in the distribution «rf atomic oxygen would be 
detectable by sensor surfaces arrayed in the reflected beam, rather like the 
film in a cylindrical X-ray diffi^tion camera. To examine the nwmentum 
accommodatiiw aspect, three cylindrical "reflectometefs will also be in- 
cluded with this experiment. <See fig. 8. ) Slits in the panels and cylinders will 
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permit a beam of atomic oxygen to impinge on a given sample at a sielecieU 
angle of incident. For the first flight of the leflectometers, the objectives are 
limited to testing the concept of the silver film detectors and distinguishing 
between specular and cosine law refkctance at the sample surtWe. Mirterials 
chosen include LiF. stainless steel, and aluminum. 

Spacecraft Attitutfe Sensor 

A uniqiK passive spacecraft attitude sensor has been incorporated into 
each unit of this experimem to serve as a means of determining the orientation 
of LDBF with respect to its velocity vector. The saisor is designed to measure 
the angular offset of LDHF from its nominal flight attitude. 
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hgurv B.—CYlindmal reflectomater configuration. 
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An a Mibe^perimeni pnivkkd by Dr. Ck^ald J. Fishnutn of NASA 
Man4uiii Space Ftighl Center, a number of activaticNi metal s^amples will be 
included with the cHher samfMes previcmsly menttinrnd* Afto* e^^posure to the 
spiHre envinmment, these «aimpte5i will becimie slightly nnw radki^^iive due 
to ambient prcHiKi and nei'tfxm irradiatic^. Upon recovery, the radio^tivity 
will be carefully anaiy/ed by the NASA MSFC Sp^n.-e Sciences Labcn^atcHy^ to 
pfxn ide measua^n^rnts of the avei^ge (mHon and mrutron fluence during the 
LDHF mission. 
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Influence of Fitendwi Exposure in Space 
on MedMurfcai ftiopcrties oi High-Toogtmess 
GfTifiMie-E^INnQr CoB^piMte Maiciifd 
(A0019) 

David K. Felbeck 
Univenity of Michigan 
Ann ArtxN-. Michigan 

Badkgraand 

Graphiie-epoxy composites are promising candidates for stnicfural use 
in space vehicles tNxause of their hi^ strengtti and elastic modulus proper- 
ties. The problem of low fractufe toughness has also been solved by use of 
recently developed techniques of imermittent interlaminar bonding. Before 
this material can be adaptoJ for ^lace use. however. confideiKc must he 
gaiiwd that its mechankal (»Y)pefties are mA de^mkd by exposure to the 
sjpsmx environment. 

Objective 

The (^jecti ve of this experiment is to le^ die effect of exterated exposure 
to a space environmem on the mechanical pnqxrtks of a specially tougtKned 
T300/5208 graphite-epoxy cmnposite n^terial. Specin^ns ttrnk by recently 
develt^Kd techniques of intermittent interlaminar btmding will be exposed 
and afterward te.Med for fracture lougtmess, tensile strength, and elastic 
modulus. 

Ai^Nnosefc 

The af^noach of this experiment is to provitte a frame on which the 
specimens can be mounted widi their fliu snka normal to the LDEF radius. 
e;K.'h specimen with an unobstrucied exposure of about lit sr. The specinwns 
will be mminted so th^ Uiey neidier fracttme fincmi hi^ !4ress wx fail fmm 
excessive heating during launch and return. Any damage to the specimens 
during the orbit period must be ccmsidered to be part of the experiment. 

Since the experiment is passive, nothing is required except the itiechan 
ical and thermal anchoring of the test specinwns. There will be six fr^iure 
toughness specimens and niiK tensile modulus specimens utilizing one-sixth 
of a 3-in.-deep peripheral tray. (See fig. 9.) An idemkral set of specimens 
pnxJuccd at tiK same rime will be stored in the ground laboratory for final 
testing at the same time as the orbited specimens. A third set of specimens 
prodticed at the same time will be tested a short time after fabrication and 



26 



\9 



IJ>EF MLsxii/n 1 Experimenfs 




figuK S.-^igh-tfXtghness gr^ite-eptuty composite material experiment. 



curing. These three sets of specimens will be used to determine the effects of 
time plus ortMt environment, time plus ground environment, and time alone 
on mechanical iMioperties of interest. 

After the specimens are tested to fracture, those of special interest will be 
examined by scanning electnm microscopy in twder to identify any changes in 
fracture mode w path as a result of exposure to the space environment. 
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Effect of Space Environinent on Space-Based 
Radar Phased- Array Antenna 
(A0133) 

Richard J. Delasi. Martin L. Rossi, James B. Whiteside. 
Martin Kesselman, Ronald L. Heuer. and Frederick J. Kuehne 
Grumman Aerospace Coqx)ration 
Bethpage. New Yc»k 

Backgrmimi 

Large space structures of low areal density arc cuircntly being developed 
for near-term applications such as space-based radar (SBR). The practical 
implementatiiin of these structures depends largely cm klentifying low-cost, 
low-density, high-strcngth-to-weight materials that are not (kgraded by the 
low Karth orbit ( LEO) and geosynchronous Earth ortMt (GEO) environments . , 
Because ot the necessity fix low weight ami density, candidate materials, in 
all likelihiKKl. must be pt»lymeric. However, the nature of the chemical bonds 
causes these materials to be susceptible to some degree of degradation from 
either ultraviolet or charged-particle (particularly high-ei»Tgy electron) coni- 
piments of the space environment. In additkm. for nuitenals required to retain 
stiffness and dimensional stability. themuU excursions become an imponant 
factor because of creep at elevated temperatures. 

Based on the performance of numerous polymerk: materials following 
accelerated laboratory testing, K^on polyimide film has been selected as the 
baseline material for die Grumman SBR cmtcept. To gain die requisite 
ctHifidence fw ItMig-terra service dur^lity, it is desird>te to subject material 
specimens as well as a portion of the SBR antenna directly to the combined 
space environment and compare property degradation to that caused by 
lahiiraior>' simulation. 

Objective 

The t>verall t»bjective of this program is to evaluate the effect of the space 
environn^nt on polynwric materials currently being ccHWiidenwl for the 
Grumman SBR Phased- Array Antenna. Degradation mechanisms caused by 
thermal cycling, ultraviolet and charged-particle irradiation, applied lomi, 
and high-voitage plasma interactkm will be evaluated. 

AmHtMKb 

The experiment cKcupies a 6-in.-deep end comer tray located on tlw 
space end of LDEF and consists of both passive and active parts. The passive 
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puit addre.NNes the effect of envinmrnent and stress on dimenNKNtaJ stability of 
spliced and continuous Kapton. both plain and reinforced. Right and ground- 
based test methodologies to measure the time-dependent cfeformation of large 
space structure materials under applied stress have been deveU^ied. Pe- 
t1c*ctions on the twder of 10 * to 10 * in./in. will be measured on lU-in -long 
specinwns. l"he specimen array shown in figure 10 contains eight I -in .-wide 
specimens and sixteen 0.5-in.-wide specimens exposed directly to the space 
environment and a like number of ^'shadowed" s^pecimens. The "shad- 
owed" specin^ns will undergo limited thermal excursions and will be 
exposed to minimal solar and charged-pariicle radiation, tiach specimen 
contains a bonded splice located so that txHh spliced and continuous Kapton 
a>gions can be te.sted after exposure. Four stress levels (30. 1 50. 300, ami 450 
psi) were selected based on the anticipated SBR antenna plane average 
sustained and peak local strciises. The maximum stress was selected to 
accelerate the extent of creep. 

Ilie active part of the experin^nt ^idresses the issue of the interaction 
betwcvn high voltage and low-Earth-orfoit plasma. A 14- by 28-in. section of 
the Cirumman SBR antenna (two Kapton antenna planes and a perfinated 
aluminum gnnind plane) has been selected as the test specimen. The elec- 
tnxlcs pmvided by copper dipole elements (teposited on the Kapton plane will 
he held at I and 2 kV. A counting circuit and recently available Gnimman- 
designed micn>processor memt^ry using EERlOM's (a ncmvolatile. eleclri- 
calty era.sable. programmable read-<miy memory) will be used to record the 
number of electrical discharges. The experiment timer-sequencer delays lYte 
application of high voltage for 16 days and powers up the menH»> subsystem 
ever> 20 minutes for 0.6 second. Sptxial testing circuitry has been included 
to assure pn^ circuit operatimi. and missicMi tin^ scale speedup capability 
has been included to permit simulation of the entire flight. 
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Spafv Eiqiosore oft' Cooipofiite Mitfcriais for 
Lai^ Spooe Structures 
(A0134) 

Wayne S. Slemp 
NASA Langley Research Center 
HanqXon, Virginia 

BHCkgnmnd 

As space systems become large, more complex, and expensive, they will 
require much longer lifetimes in space to be economically feasible. Currently 
these mission lifetimes ^fMojected to be 10 to years fw antenna sys^rnts 
and up to 30 years for a solarixmered satellite system. 

Thb requires the structural materials to perform for much longer life- 
times than those required for current spacecraft. It can be assumed that 
electrical or electnmk sy^ms nmy be rq>lac«l «■ repaired, but the structure 
should generally be maintenance free for the dinatton of these missions. 

Resin matrix composite materials offer waqac advamages over con- 
ventional metallic materials ftx large space system ^)plications (hie to their 
superior strength and stiffness-to-wei^ nidos aad their low coefficient of 
thermal expanskm. The m^or fmrfdon in itfiUang oomposites for kmg4erm 
space stnicture applications is the absence of dMa on the effects of space 
nidiation on the mechanical and thmnophysical properties <rf^ these nutterials. 
Although ground laboratory testing programs are in progress, titese programs 
are sub^antially in^Mured by lack of informMion on the efiiDf^ of space 
r»liation on the |m^>erties of these materials. WiUimit a ^Mce-flight- 
generated data base, it is difficult to project the useful life of these materials. 
The same is true of otter classes of materials such as polymeric films. 

Objective 

The objective of this experiment is to evaluate the effects of the 
near-Eailh (»bital enviromnem on f^ysical suid chemical (m^jertks <tf 
lamii^ed contimMNis-filamem cofi^x>sit(» and ccmqiosite resin filnK for use 
in large s|»ce strwiures and advaiKced qNK:ecraft. 

The experiment is passive and occupies about one-half of a 6-in.-(teep 
peripheral tray, as shown in figure 1 1 . Specimens of composite materials and 
polymeric and resin films are arranged sbovc ami bekm dte expe rim en t 
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figua* 1h— Space eKfHJsure of composite materials exfwimeni shown integrated 
With fxposure of Spacecraft Coatings experiment (S0010), 

mounting plate to enable both expcmire aiKl n€H^xf>osurc to smniight. Thi.s 
provides a compansi>n of the effects of ultraviotet plus vacuum plus thermal 
cycling ami those of vacuum plus thennal cycling on these materials. The 
experiment tray is thermally isolated fixm the LDEF structure to allow the 
material specin^ns to experience a wi(te range of tti^rmal cycles. 

Tensile and comi^essimi specimens will be used to evalu^e the lami- 
nated composite materials. A number of the specimens are {mcut ami KBdy 
for testing after space exposure* whereas other specimens will be prepared 
ln>m larger samples. Both 0.005-in.- and 0.(X)3-in.-ply thicknesses of pre- 
preg (resin-ini|mrgnated material) will be used. The tensile specimens will be 
fabricated with ±45'' layup. The effects of flight exposure will be evaluated 
by cfetermining the stress-strain ami ultimate tensile strength before and after 
flight exposure. Table I summarizes the specific composite materials to be 
evaluated. Metal n^trix composites are also inclucfed to evaluate the changes 
in coefficient of tt^rmal ex|wision. 

Polymeric and resin films (e.g., Mylar« Kapton, P-1700 polysulfone, 
and FBP Teflon) will be used to {Hovide additional data the beiuivic^ of 
poiymeni in space. Data will be obtained to determii^ the tlM^rmal st^lity, 
glass transition temperature* dynamic modulus, and loss moduli^ using a 
thernK>gravin^tric analyzer* a ttemwrrNrchanical analyze, and a dynamic 
mechanical analyzer. An IR scan and an elen^ntal analysis will also be 
performed before and after flight exposure. 
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Table 1.— A0134 Compoite Sp ed me w 



Resin and/or metjH 


Retnforconent 


Epoxy, S20B 
E|x>xy, 934 

Polysuifone, P-1700 

Epoxy, 930 

Mg 

Al 


CfaphHe, T-300 

Graphite, T-300 (0.003 in./ply) 

Graphite, T-300 <0.00S m./pJy) 

GraphHe, CeUon 3000 (0.003 in^ily) 
Graphite, Cdion 6000 (0.005 in./p»y) 

Grj^Ke, GY-70 

Graphite, P-100 

GraphHe, P-100 



A serks <^ iMionUory t^As wUl be Gixich^ted aU 11^^ 
LDEF space fli^ coiMtitikii^. The lid>antf(Kry pro^ra^ nicludeoiie 
set of specimens expmed to U V raditfkm u one sotar constaiU in ICT^ torr 
vacuum for 1000 tmm md mo^hm: set of iq^ecim^ exposed to vacimm for 
Uie duration of LDEF fU^ expowre. Th^ specim^ will provide data to 
help isolate the effects of ultraviolet light, vacuum, and time m the fligtrt 
specimens. 
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Effect of S|MC« Exposm of Sooie Epcny Ma^ 
Con^Msites on Their Tliemial Ex|»iiskm and 
Meduu^ Properties 
(A013M) 

Robert Elbeiig 
Space Division. Maira S.A. 
Le Chesnay, France 

Bsckgrtmml 

Carbon and Keviar fiber-reinfoiccd plastic composites are being used 
increasingly in space structures (e.g.. launch vehicles, spacecraft, pay load 
elctnenfs such as antennas and optical benches). This extensive interest in 
composites is due on one hamJ to then- mechanical properties (i.e.. high 
strength and stiffness associated with a low density) and also to the near-zero 
value, positive or negative, of their coefficient of thermal expansion. This 
latter characteristic is due to the desigf< of the comp* »ite (i.e.. choice of 
fibers, fiber arrangemeiH. and resin content). 

A particular poim that Matra wishes to examine is the effect of space 
environment on the th«inal expansion stabilHy of such products. The thermal 
expansion stability is a sensitive paiameter that assure the d^hed per- 
formance of optical instruments such as telescopes and 0{.ttcal benches. This 
perftmnance is related to short-term stability, which is assned simultane- 
ously by die thermal control system and the low and siskk coefRciem of 
thermal expansion of the stmctine. Ux^-term dimensional chimges that may 
occur (for instance, moisnire desoiption) are often compensMed by a refocus- 
ing mechanism. 

Objectives 

This experiment has three objectives. The fir^ and main objective is to 
detect a possible vari^ion in the cocfficieiH of thermal expansion of com- 
posite samples during a 1-year exposure to the near-Earth oi1»tal environ- 
ment. A second objective is to detect a possttrfe chaige in the mechanical 
integrity of con^xtsite products, both sin^ elemeirts and honeycomb 
sandwich assemblies. A third objective is to conqnre the behavior of two 
epoxy resins commonly used in space structural production. 

Apprancii 

The experimental approach is to passively expose samples of epoxy 
matrix con^)osite materials to the space environmoit and tocon^Mre preflight 



o 

ERIC 



34 



27 



LDICF Mi.ssion I Experiments 



and postflight measuremenLs of mechanical properties. The experiment will 
be ItKated in one of the three FRECX)PA (French cooperative payload) boxes 
in a l2-in.-deep peripheral tray that contains nine other experiments ftom 
France. (See figs. 12 and 13.) The FRECOPA box will piwtect the samples 
fnrni contamination during the launch and reentry (^ses of the LDHF 
mission. 

A list of the samples to be tested and their composition is given in table 2, 
Two identical samples of e«:h type arc fmeseen and four different con- 
figuraticMis of samples arc used, as dcf^bed in figure 14. Two ccmimon 
characteristics of cHmfigurations A. B. and C are the length (4 in.) and the 
existence at each erei of the samples of three protrusions. These are tin; 
refereiKre points fw the measurement of the coefficient of thermal expansion 
(CTE). 

The coefficients of thermal expansion are measured on Earth before and 
after space exposure. This measurement is based on a laser interferometiy 
methtHi working in a vacuum. The method used consists of forming a fringe 
pattern generated by two alm(Kit-{Kurallel ref^ing surf^es fastened to the 
test sample at the level of the protrusions and illuminated by a stabilized 
mononKxle He-Ne laser beam. Length variation due to temperature variation 
results in a fringe mcMion. which is n^asured. CTE measurements are made at 
ambient temperature with a temperature variation of about 20°C. The 
curacy for a mple length of 4 in. is abiHit ±0. 1 x 10 * per *C. 

Experimenis A01 38-4 and iWI.)8-^ 
Experiment A01.%-.1 

/- Experiment A0138-1 



JB-V bdtterie). 




7.5-V batteries 

Expert mentii 
A0138-3, 

AO] 38-8, 

and 
A0138-9 



AUl ^1 



A(il jnd AOIUMd 



LDEF peripheral tray 



fi^urv ll '-layttut of frcnch ctHtpf}ratiw payktad (fRlCOPAl. 
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fi^uw U. ~Phfftograph of FRtCOPA box (openh 



The lest prugram consists of ihe following measurements. 

Weight measurements of alt the samples will be made before launch 
(samples previ<Hisly dried and outgassed) and afier launch. Any weight 
variation will be useful information to establish the efficiency of the drying 
ami tniigassing prcKess for composite materials. 

The coefficient of thermal expansion will be measured on samples 11'. 
2-2'. 3-3'. 4-4'. and 5-5' before and after launch. Any effect on this 
parameter after a I -year exposure at ultrahigh vacuum will be detected. 

Micmgraphic inspectiiins will be conducted on cuts made on the various 
samples at the level of the composite materials and more speciFKrally at die 
level of the ht)i>eycomb — tace-sheet assembly on samples 2-2' and 6-6'. 
These phiHographs will be ctMnpared to similar views of identical materials 
kef« on Earth for reference. 

iMcchunicul tests fw inierlaminar shear sircngih. flexural strength, ami 
flatw isc tensile strength will be made m elements cut fnmi the samples after 
return lo liarth. WKse test results will be Ciwnpured to results from similar 
samples that were ntH submitted to the space environment. Although vacuum 
chamber tests of ept)xy matrix composites show good mechanical and thermal 
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stability, this experiment is expected to increase confidence in the pcr- 
fonnance of ihe tested con^josite specimens, paiticuiariy relative to the 
thmnal stidsility. 



TaMe 2.~iist and Comfwsitioii of Efwxy Mattti Cimil^ 



Reference 
Number 


Sample Type 
(Sh^ ref««nce*) 


Fiber-Resin 
Material 


Additional 
Material 


Fiber 
Arrangement 


M' 

2-2' 

44' 

5-5' 


Circular tube (A) 

Sand%vich: 
aluminum 
honeycomb, 
CFRP face sheets 
(B) 

Rectangular tube 

(C» 

Rectangular tube 

(C) 

Rectangular tube 

(C) 

Sandwich: 
Kevlar 

honeycomb, 
Kevlar fat e sheets 
(D) 


GYTQ^ 
Unidirectional, 
e** -= 0.005 in. 
Cy7W934 
Unidirectiofuil, 
e = 0.005 in. 

CY7tt»934 
Unidirectional, 
e - 0.005 in. 

CY7IV934 
Unidtrectionai, 
e - 0.005 in. 

CYTtWIOB 
Unidirecti<mal, 
e 0.005 in. 

Kevlar/V108, 
e 0.0075 in. 


None 

Aluminum 
honey- 
comb, 
bond film, 
312 
None 

Nmie 

None 

Kevlar 
honey- 
comb 




4ply (4 0"/±3S"'/4.0»> 
{ff'/^«r/0»/W/*4r), 

or 
or 

2 ply {QT/W) 



^fer to figure 14. 
" fiber diameter. 
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The Effect of the Space Environmeiit 
on Composite Materials 
(Aei38-9) 

Michel Parceikr 
Les Mureaux, Frwnsx 

It is the duty of a mamifiKtum- to verify the duuractmsdcs of the 
pnxtiicts he desigiK and manufacture. Until now, the space inchistry has 
complied with this ntle with Ubotmoiy simulatioiK and evahuttioQs. The 
launching of Uie LDEF by the Space Shimie wiU provide an oppoitunity to 
observe the actual behavior c^nnlerials under exposure to the space envifon- 
ment and will make it possible to conel^ with utifictal aging tests. 

(MtJecthe 

The objective is to test difTerent types of materials (laminates, thennal 
coatings, and adhesi\-es) to detemune then* actual useful lifetime. These 
experiments will also make it possible to integrate the histories of the themud 
and mechankal chwactttistics imo models of the ccm^mate dructu^. 

The experiment is passive md is located in one <^ the FRECOPA boxes 
in a l2-in.<deep peripheral tray with nmc other experiments from France. 
(See figs. 12 and 13.) The FRECCH>A box will provkle , .iilnction for the 
san^jHes fnrni onttamination (hninf the Umadi mtA reottry (4u»es of ttie 
LDEF mission. The experinmM revolves around four thanes of ^udy: 
thermal coatings, adhesives, dimemional staUlity, and mechaucal dmac- 
eristics. 

The various materials will be arranged in six levels widiin the FRE- 
COPA box. so only the first level will be subjected to direct solar radtittion. 
(See fig. 15 and t^le 3.) Each level will consist of plMes fh»n which lest 
specimens will be cut after the misskm. 



32 



39 



\ 



Materials, OxUingx, ami Thermal Systems 



A B 




FiguK 15.— Section of FRECOPA few shovnng arrangement of enperimvnt 
A0138-9. 



Table 3.— Composite Materials Test Specwjem 



Level 


Test specimens , 


1A 


OSR and SSM on graphHe-epoxy composiie 




IB 


OSR and SSM on aluminum support 




1A 


Sandwich (CYTWcode 1^ +8SL 312 L) 




IB 


Sandwkh (CYTCVBSl 914 + BSL 319 L) 




2 


BSL 312 L and BSL 319 L specimen* 




2A 


Redux 408 fMi graph(te*grji|^te support 




2B 


Redux 312 L on graphite-aluminum support 




lA, 4A 


CYTO/code 87 




3B.4B 


GV70^SL914 




5A, M 


now 108 




SB 


GY71W108 




6B 


G837A^108 





Thermal Coatings 

Optical solar icflectors and second-stulace mimmi will be laid on 
aluminum and caiixm suj^rarts. The tests will evaluate the level of deg- 
radation, the mass of contaminants received, and the alteration of the 
temcMJptkal {Mx^xitks. 

Acfiiesives 

The tests will measure the shear in a joint bonded with 408 (room- 
tempcrafure curing) and 312 L (high-tempciaiure curing) atfiiesives. The 
purpose is to observe the effects (rf the thennal stresses (bie to the assembly of 
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materials having different exfHuisicm coefficients (carbon and aluminum) and 
the thermal cycling in the low orfoit of the LDEF. 

Dimensi<Mial Stability 

Tests will be carried out to verify the predicted thermoelastic deforma- 
tions in sandwich stnKtuies that have withstood the space environment. 
Expansion tests will be made on a sandwich test specimen painted white 
(located on die upper level) and sh^)ed like a satellite antenna, and also on the 
constituent parts taken singly. These parts are GY70/87 ((T and 90° orienta- 
tion) and 312 L. The sandwich will be structured as shown in figure 16. The 
san« experiment will be carried out on a sandwich test specimen cocwed with 
914 and 319 L. 



White painl 



Honeycomb- 



2 



r 



m L 



L 



CY70/87, urn (0", 90S *Kr , 0 ) 



figure Ift.—Sliuctuw of aandwich specimen. 



Mechanical Characteristics 

The degradation of th; nnxhanical properties (tensile, flexural. and 
interiaminar tests) will be evaluated on the following materials: GY 70/87 
(tape), GY70/9I4 (tape). T3()0/VI0« (tape), and GX37/V 108 (fabric). 
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Micitmditti^ of VarifNis Metaflk Materia 
Under Uttravmnim 
(A0158.10) 

Jean Pierre Assie 
Cannes, France 
Backgroand 

In the space vacuum envmrnment, the spacecraft mechanisms are liable 
to sustain damaging effects from miciDwelds due to motecular diffusion of die 
spacecraft constituent metals. Such microwelds result in a continuing in- 
crease In the friction factors and arc even liable to jam fttt mechanisms 
altogether. 

Objective 

The objective of this experiment is to check the metal surfaces represen- 
tative of the mechanism ccmstituent nwtals (treated cm* untreated, lubricated or 
unlubricated) for microwelds after an extencted stay in the space environment. 

Tfv experimental approach is to passively expose inert metal specimens 
to the space vacuum and to conduct end-of-mission verification of the 
significance of microwelds between various pairs of metal washers. The 
experinwnt will be locatnl in one tlK RtECOPA boxes in a 12"in.-deep 
perif^ral tray that ccmtains nine c^hcr experinwnts from France. (See figs. 
12 and 13. ) Table 4 lists the materials to be tested and table S and figure 17 
Miow tlK test sample arrangement and experinwnt layout. 
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TaUr 4.— Experimenl A0138-10 Test Maleriab 

[Shipe: royndbarsi 



lypc Of 
matefial 


Descriftfion 


Condition 


Ap|:Micable 


AluffiinuiT) 


A^5vjU (7u/5) 


T 7351 


ASN A 3086 


^foy 


AU4Ci1 C2QZ4) 


T 351 


ASN A M58 




A? (iuaO) 


H 24 


NA 


Copper 


L.uoel.9 


TH2 


ASN A 3416 




quNi3Si (UN 3S) 


TF 


ASN A3405 


Titanium 


TA6V 


Annealed 


ASN A 3307 


alloy 


TA6V 


Qt^nched 


ASN A 3306 






and tempered 




Stainless 


EZ6NCT25 


Quenched for 


ASN A 3412 


steel 




960 MPi 






ZtaOCD17 (440Q 


Treated 


ASN A 3376 




Z6CNTia/11 (321) 


HyperquencheJ 


ASN A 3140 




figure 17,~~la^ out of the eight washer ''spoofs" within FRECOPA bon. 
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TaWc 5.-I>escri|ilion and Combtaallon o< Coiiilft^ 



1 


2 




3 


4 


tZbNCT25 


CuBe1.9 




AZ5CU* 


/VZ5CU 


EZ6NCT25 


CuBe1.9 




AZ5CU' 


AZ5CU 


AZSCiU-* 


AZ5CU 




CuBel.9 


CuNi3Si 


TA6V annealed** 


TA6V annealed*' 


CuNi3Si 


CuNi3Si 


AZ5GU* 


AZ5CU 




CuBel.9 


CuNiSSi 


TA6V annealed 


TA6V annearied 


EZ6NCT25 


EZ6NCT2S 


AZ5C.U' 


AZ5CU 




TA6V annealed*' 


TA6V annealed 


CuBe1.9 


CuBel.9 




CuBe1.9 


CuBe1.9 


AZ5CU* / 


AZ5CU 




TA6V annealed*' 


TA6V annejrfed 


CuNiiSi 


CuNi3Si 




CuNiSSi 


CuNBSi 


AZSCiU' 


AZ5CU 




TA6V tempered** 


TAbV annealed 


tZbNCT25 


EZ6Na25 




EZ6NCT25 


EZ6NCT25 




1 


b 




7 

(Analysi« of 
infti^nce of 


S 

(Anafy«i^ of 
influence of 
iubfkation) 


TAbV anftf alwJ'' 


71«K-D17 


PI 


CuBe1.9 


CuBe1.9/M(MykoteZ 


TA6V annealed*' 


ZIOOCDI? 




Coee1.9 


CuBe1.9 


TAfcV anneal«?d 


Auon AZSCLT 


P2 


CiiBe1.9 


Cu8e1.9^Mo<ykote Z 


TA&V «inealed 


A(f on AZSCLI* 




CuBe1.9 


MoSj'*/AZ5GU* 


Au on AZSCiLT 


Z6CNT18/11 


P3 




CuBe1.9/NMyfcole Z 


Au on AZS(-U' 


ZfaCNTia/11 




CuBe1.9 


Moi>2*l1Mt\ wwealed*" 


Aj; on AZSGU* 


AS 


W 


TAbVannejrfed 


TAfeV annealcd^/MoS/ 


Afi on AZ-K.tr 


A5 




TA6V«meaied 


TA6V anmaled*' 


Ct iMi AZ'iC;U 


AU4Ci1 


PS 


TA6Vanneaied 


AU4C1''/MoSi^ 


C r on A/HiU 


AU4G1 




TAbV anneal 


TAbVaniwded^ 


Au on AZSGU" 


TA6V quenched 


Pb 


TAbV annealed 


AU4C1*/MoS/ 


As on AZStiU' 


TA6V quenched 




TAbV anneaied 


AIMCI' 



'Chromium amxiized, 

Sulfur anodued. 

'Au and Ag are reference couj:rfe5i. 

'^f^ysicai vapor deposition* 
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Enduito or Uing-Diirato E^qiMfiore to the Natund 
Space E^vfaxmniart on Gr^iiistte-BDfyiiiyde and 

(A0175) 

J. Howard PowcU and Douglas W. Welch 
Rockwell Imarnatkmal Corporation 
Tiilsa, OUidiofna 

Backgroead 

Graphite-fx>lyiimde and gnfihite-epoxy are two composite materials 
being used in anient spacecraft coMliuction, and both materials are bdiig 
considered for more extensive use in future lightweight space-oriented 
structural componoits. The accunwlation of openttonal data on the effects ^ 
long-duration exposure of diese two materiak to the muhiple environmental 
elements of space is needed to property evahiate diem for bodi cunem and 

future applications. In particuhu-, data are needed on die mechanical proper- 
tks of these nuterials. 

The primiffy objective of this experiment is to aocunadate the needed 
operational data associated with the exposure of gnqihite-polyimide and 
graphite-epoxy material to the oivtronments of space. Secondary objectives 
for testing the graphite-polyimide nurterials are to evaluitte laminar micro- 

cnicking and crack (RDpagatkm «id to diminate any concerns associated with 
' 'unknowns/ ' A spedfk objective of tealii^ die ^s^jIiU^^ 
validate Ihe mechanical-property "knock-down" factors that were applied to 
the design and analysis of die Space Shuttle payk>ad bay doors. The as- 
sessment of the degree of matrix cradung and crack propagation phenomena 
resulting fhrni difleremial expansion of unlike materials coupled with large 
thermal excursions, and the, deletion of uidmowis rewriting frcrni sinml- 
taneous application of multiple environmental factors relative to the payload 
bay door composite and atfliestve system, are secondary objectives in die 
graphile-epoxy tests. 

The experiment will be mounted in two 3-in.-dcep peripheral trays. 
Graphite-polyimide specimens will occupy 1 Vs trays and the grqihite-epoxy 
specimens will occupy two-thirds of a tray, as shown in figure 18. 

The experimem approach requites two matched sets of specimeiK widi 
miceable rccoids diat are nuuiMained for materials processing and specimen 
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Tray A1 

URC-160 I URC-160 | Timwiid 
precured i pfecured ^ 

Craphite-epoxy htMieycomb sandwich 



Tray A7 




M7a/T«10 
precurt^ 



rotured 



PMR.15 
precured 




Hgun.' m. -CraphKe pofyimide and graphite-epoxY exfxrtment. 
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qasdity. Aftarfabfication, onesetofeKhtestspedme^ 
stnicturally tested to serve as a dau fa^liM^ 

set of specimens will undergo extensive measurements of mechanical proper- 
ty for ccmi|»rison with the original ditta baseline. Figure 19 illumates the 
various specimen configurttkms. 




(b) Gr4>hite-epoxy sandwich and 
faininafe test specimens. 

figure l^ -Ajfaphite-polyimich and gr^phite^poxy test specimens. 



Structural testing of the gr^[4iite-poIyimtde specimens will |Hoviik 
strength and elastu: dtfa in tenstc»i« con^Ktsskm. and shear* Transverse 
tensbn microcracking and crack {m^pagation wilt be evaluated by photo- 

microsc(^y. 

Structural testing of the gra}^ite-epoxy specimens will incliMfe verifi- 
cation of laminate, ewe, acSiesive, and fsrtigue prc^rties as applied to the 
design ami analysis of tt^ paylood bay docH*. MHrrocnKrking and omrk 
fm>pagatton will also be analyzed by photomicroscopy . 
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The Effect of Spwe Eavkwttiient Exposure on the 
Properties of Poiymer Matrix Cosi^posite Materials 

(A0180) 

R. C. Tennyscm and 3. S. Hansen 
Institute Aerospace Studies. University of Toronto 
Downs view, Mario, Canada 

Backgroand 

The use of polymer matrix composites in various spacecraft indications 
is increasing, but the effects of long-term space exposure on die mechanical 
piopeities of these m^eriais are nan known. Aldiougb lidxiratwy simultficMi 
using a themuil-vacuuin chandler can be enq^yed, die correl^ion bet>raen 
these results and actual in situ behavkM* tm not been established. Ccmse- 
quentiy, such u correlation should be made in order to |m>vkte the design 
engineer with appropriate correction factors to take into account any degrada- 
tion of material integrity due to varifMis exposiune times in space. Failure to do 
so will uiKkHjhtedly lead to striKrtural failure resulting from material (xt^ierty 
changes. This can be particularly hazardous when using polymer matrix 
ctNiiposites because molecular breakdown (dm; to radiation), outgassing (due 
to vacuum), and internal crsKrking. iK-xomi^i^ by fiber m^x sei^ration 
and (kriamination (from thermal cycling), can result. 

Objective 

The objective of this experiment is to determine the effect of various 
lengths of exposure to a space environment oa the mechanical {m^rtics of 
selected commercial polymer matrix c«nposite materials. Fiber materials 
will include graphite, boron. S-glass. and PRD-49. The mechanical proper- 
ties to be investigated are orthotropic elastic constants, strength parameters 
(satistying the tensor polyncmual relation), coefficients <^thmiuU eiqpan^on, 
impact resistanc^e. cnurk {Hopagmicm, and frM^tne tou^m^. In sdditkxi, the 
effect of laminate thickness on property changes will also be investigated. 

Five groups of test articles made up of laminated cylindrical tubes ami 
flat plates will be manufactured from a given batch of prepreg (resin- 
impregnaied) material. This will be dow for each m^tterial system selected. 
One group frcMn e^ material system will be evalwtfed under an^NeiM 
laboratory c<mditions to determine ( 1 ) the orthotropic elastic constants En, 
B2 . v,2' and G|2. where E is the modulus of elasticity, v is Poison's ratio. 
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and G is the sbev modoliis; (2) the imsor pdynomial fiulure panmelen Fi, 
F,j, and Fi^; (3) the import resistance (residual bending strength as a function 
of inqract energy from a projectite; (4) the crack (mjpagation and fracture 
touglmess (me»nnenM of growth of 8 given crack size in tte 
fimction of ten^jeniure and kMd cj^mg); imd (S) the coeffi^^ 
expansion for various laminitt coofigtaatiaas. This evahiation will be re- 
puted with a second poix^ of spedmeBs subfected to thennal-vacuom 
exposure in a labaratoiy fiMdUty. An evahiation oi the dfects of uhraviolet 
and electron beam radiation and atomic oxygen in^ingement wiU be in- 
cluded. The evaluation will also be repeated widi a third gnxip of specimens 
subjected^ to actual sp9Ct enviromnent onboud the LJ>EF. FiiMily, two 
control batches wiU be evaluated to assess die effiects of storage en vironm^ 
qualifying testt, and aging on UX^ flight aftich». 

The experiment will occupy one-half of a 3-in. -deep peripheral tray and 
is divickd into three sectimis. (Sec fig. 20.) Eat* section consists of a layered 
arrangement of both mbular and flat specimens. The tubular specimens are 
thin walled (0.02 to0.06 in.) and approxiroioely 1.75 in. m diameter and 4 in. 




figure ZO.—Pofymer matrix comp<^te maferi^ oqieriment. 
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kmg.Tlie flat specimem are ofsumlwthidaKss ami wkteandS 
in. kmg. Aluimmun aid ftttiiigs (wUch function as test fixtives foUowing 
^lace exposure) are bonded to each <^ the test specimens. 

Addittonalty, diennal ind strain gange outputs on various composite 
specimens and a staintess ^eel calibratian specimen will be san^|}led simul- 
taneously approximately every H6 hours during the flight. This information 
will be transferred to a cassette^deck for serial recoixling within a sealed 
electronics box beneath one of thesexperiment sections. (See fig. 21.) Two 
USO2 batteries are required for <toa«^cotding power and aie toci^ b«^ 
the rennining two expninwnt 





Figure 21. --Data measurement system. 
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Spsoe Envinmnieiit F ^lfcu fii on SpaoecrafI Materials 

(M08O3) 

Paul Schall 
The Aemspace Corpormion 
El Segumio, California 

ItockgraoMl 

Data on materials for unmanned NASA and DOD spacecraft have been 
valud^, but tax limited to those items dut can be dioiutcmd ien«ilely. 
Causes of failuies or peifniiiaiM d^iaitatioa can irfl^ 
tiK telemetry ditta. The Gemini and Apollo n^ssions included some materials 
eiqwrimei^. The ictwn erf* cmiiponcHt s fmm die ^vt^or HI Iwiar famdn' 
was paiticidariy mieicstfaig. the NASA SkyM niisrioiiscoiMafa^ 

nnlariafo e)i|m'temM; howcm, the «Bly SH^yl^ 
GoMwiHMtifm ttait aflcded lesidto. AUbuui^fteBfiromiraniMmed^Moeciifl 
will comume to be iHMd to evahn^ Ae peifonnmce of mtfor^ 
LDEF adds a new dimeasioa to qaoe expeitaiems. 

The LDEF provides enperimeitfers with an opportunity to recover speci- 
mens di^ have been expwed for long petio(b n wpace. The iy|m»l q^WMch 
fix die selectim nuderiab fOT use m qiaoeaafk baa mvirfved lidxinitory 
testing and KmMed metuanvronMs m spaix. AMkn^ nuny maleriak tppcmr 
to be sirtisfaclary for a v«i^ of qqrfk^i(H», &m » tenrffideM kw>w^ 
of die phyMcal and oftiaA propotira <^ tbesc mgtetuH idtor ki^ poriods in 
space. Laboratory tests do not simulate the actual space environmeM; there- 
foK, it is difficult to predict property changes as a functioa of environnmtt 
exposure. 

In addition to measuring changes in the macroscopic properties of the 
retun^ sp«;inien$, micfostnictorBl imqioties will also be examined. TInis, 
it may he possible to ilKimuie om' imdN^imdiag of die dwnges inchiced 1^ tfi^ 
envinmmem. This incimed u a dCT st awi ing can dien be tmed to |Min!ict the 
perfcMmamx <^ midmals iKued on knowle^ of die ^Mce envmmment and 
the results of iabcM-atory tests. 

This expqimeftt will be a coopenAive effort and will provide an opipor- 
tunity for DOD sp^ {Nt)gram and lidiorBtories to evaluate nutferials and 
ccHnponents after long exposures to the space environment. 

Objectives 

The immediate obj«:tives this ex p e r i m e n t are to understand chants 
in the properties and structure of materials after exposure to the sp«:e 
envinmmem and to omqpue thoe changes wMi predwttom based cm Itbo- 
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nuary expenmeiM!!. The tonger tcrai objectives arc to improve the per- 
formance and usage of existing materials and to decrease the lead times for 
application of new materials on DOD space systems. 

Approach 

The experiment consists of 19 subexperiments involving a number of 
DOD laboratmies and comractm- cMrganizations. (Sec laWe 6, ) In general, the 
experimental approach with each of the subexperiments will involve com- 
parison of preflight and postflight analyses. Typical analyses will include the 
measurement of optical properties (reflectance* transmittance, and refractive 
index), macrophysical pn^ertks, and microsirwtural properties. 

TaMe 6.--[x|N?rment M0003 Summary 



numbcT 



I 



4 



Slope 



Ejiperimenler 



Radar camoufldge GaryGrider 
material and 

i»leitr€MH)tk:ai Edward L. Mton 

signature coatings 

laser optic?i Alan F. Stewart 



StriKturai 
materials 

Solar-power 
iompura-nts 



Thermal control 
matt^nal^ 



Arthur H. Guenlher 
Charles Stetn 

loseph Wise 
Kenneth Masioski 
William L. Lehn 
j. Sierchiro 



lasi^r communka- Ismad Otero 
iKHi cofn{K)nents 

Steven C. RcKkhoim 



R. M. F. Ltnford 



Laser mirror 
coating 



Terry M. OiHKivan 



Organization 
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Air Force Weapons 
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pulsion Laboratory 
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pulsion Laboratory 

AFWAL Materials 
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Air Force ^pcKre 
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Douglas Astro- 
nautics Co. 
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nautics Co. 
Naval We^^Kins 
Center 
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TaMe 6.— Condurfed 



Sub* 


Scope 


Experi mcNite r 


Orsanii^ation 


experiin<*ni 








number 








- 8 




^torton Kushner 


Boeing Aemspace 

Co. 




piece parfSf and 


Leo P. BuUhaupt 


Boeing AenispM:e 




fiber opt k:$ 




Co. 


9 


Thermal contrcri 


Norman H. Kordsmeter, Jr. Lockheed Missiles 




materials, antenna 




& Sp^ Co. 
Lockneea Missiles 




materials, compo- 


Robert Brj^ 




site materials, ar^i 


& Space Co. 




q>W wekJing 




-•10 


Advarnred compo- David A, Roselius 


AfWAL Flight 




Site materials 




DvnMHtcs 






Gary L. Steckel 


Laboratory 






The Aerospace 
Corp. 


-11 


Contaminatkm 
moniton'c^ 


Eugene N, Borson 


The Affffisnarp 
Corp. 


-12 


Radiation 
dosimetry 


Eugene N. Borson 


The Aerospace 
Corp. 


-1* 


Laser-hardened 


T, A, Hughes 


MCL/onneii 




materials 


Oougl^ Astro- 


-14 


Quartz crystal 
microMance 


Lkinaki A. Wallace 


iierKeiey 




Thermal control 
materials 


Thomas A. Park 


The Aerot^iace 
Corp. 


-16 


Advanced compo- Camille A. Caulin 


The Aerospace 




site materials 


fim C, 


Corp. 

The Aerospace 
Corp. 


-17 


Radiation 
dosimetiy 


Sam S. imamoto 
I Bernard Blake 


The Aerospace 
Corp. 

The Aerospxe 
Corp. 


-18 


Thermal control 
coatings 


Genevieve C. Denautf 


The Aerospace 
Corp. 




f leclronk devices 


Mmes Ewan 


The Aerospace 






Dcnigias Phillips 


Corp. 






The Aerospace 
Con>. 



The experiment consists of four peripbeiai trays, two experiment power 
and data systems, two experiment exposure cchiUx^ canisters, and liSOj 
batteries to satisfy power requiremeiMs. The tniys mkS EECC's will be used to 

46 



ERIC 



53 



Materials. Coatings, and Thermal Systems 



retain a variety of thennal control coatings, composites, laso- optics eiecuxHi- 
ic piece parts, fiba- optics, solar cells, and LDEF expmment M0002-1. 

A 6-in.-deep tray, a 3-io.-deep tray, a data system, and an experiment 
e]^)osuIe control canister will be kKated near the LDEF leadmg edge with tl^ 
trays connected by a wiring harness. A similar configuration will be located 
near the LOEF trailing edge. Environmental exposure to die two locations 
wiU be similar except that the leading-edge location wiU also be exposed to 
relatively high fluxes of atmospheric constituents (prinuoily atomic oxygen ) 
Figure 22 shows photographs of two of the experiment trays. 

The experiment is equipped to record temperature, strain, and solar-cell 
output volt^. These data will be recorded approximately every 107 hours 
(approximately 78 orbits) for the duration <rf one orlwt. The EPDS will be 
programmed to record di«a periodically over a ^pan of up to 15 months. Both 
EECC units will be prograinroed to open m three stepped incrcnwrts to vary 
the UV exposure times. The tirst opening will occur approximately 10 days 
after deployment, to mmtmize cocMamin^icm. The second stepped opening 
will occur at approxinu^ly one-lhird of the expected minimum flight dura- 
tion. The ttiird stepped opening will occur at approximately two-thirds of the 
expected minimum fligN duration. Prior to LDEF retrieval, the EECC units 
will close to ptovide protection from contiimination during retrieval oper- 
ations. 




(a) Leadii^-odge tray, 3 in. rteti?. 



Figure n.—txperiment AftXKt? flight configuration. 
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(b) Trarfling'ed^ tray, 6 in. deep. 

hgurv 22. Concluded. 



T\k fiber i^ics experiment will investigate the resistance of a fiberoptic 
cable to the effects of the s^*e envirtMiment and will involve the illumination 
of a I -km fiber by a light-emitting diode (LED) scHirce. A detector will be 
used to monitcM- the i^iance of the LED aini a second detector will n^tnilor 
the output of ihc fiber. Tlw difTereiKre between i\k two detecti>rs will 
represent the loss in the fiber. fiber will be unslKathed so that radiation 
effects can be intniduced. The LED source, detectors, and fiber will be 
electrically and optically characferimi prior to the test. All composites will be 
subjected! to postflighl analysis for comfKirison to ihc initial data. Failure 
analysis will be used as required to identify failure hukIcs ami/or n^hanisms 
and indicate pt>tenliai siiiutitms to identified pn^lems. The detectors will be 
matched to minimi/.c the difference between the individual detector charac- 
teristics. 
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Baltoon Materkris Degradation 
(S1006) 

David H. Alien 
Tc^as A. & M. University 
College Station. Texas 

Background 

There exiMs a need to expose a variety of very thin tllms to the space 
mdiation enviriMiment in order to gain sufficient data to pn>perly support other 
NASA pn»grani> involving the flight of extremely high aitituck scientific 
balliKMis. In particular, significant scientific bei^fit will be derived fwm the 
development of a long-duration balloon pbtform capable of carrying pay- 
Itwds im the twier of 250 kg to altitudes greater than 40 km for periods in 
excess of 60 days. The Natwnal Scientific Balkxm Facility has actively 
pursued this priigram fiw the past 3 years. However, the engineering of these 
large systems could be significantly accelerated if data regarding degradation 
and/or alteration of varitnis material properties could be t>Nained and com- 
pared to lalx)ralor> simulations of the space envinmment. 

Objective 

llie t>bjeciive of this experiment is to assess the effects of long-term 
exposure of candidate balloon films, tapes, ami lines to the hostile envinm- 
ment above the lianh's atmosphere. Degradation of mechanical and raditv 
metric properties will be observed by a series of tests on expi>sed materials. 

Ai^NToach 

■|1ic experiment is passive and will test candidate balltKMi films, tapes, 
and I < tics The experiment will occupy one-third of a .Vin.-dcep peripheral 
tray, as shown in figure 23. The materials to be tested are listed in table 7. 
Two additit»nal identical sets of material will be prepared. The first set will be 
tested immediately and the second will be held in a controlled envinmnwnt 
until the recovery of the samples placed in orbit. Tests will then be performed 
4M1 this sect>nd set to determine any effects of aging. The specimens that ane 
rcciweivd frt>m the LDBF will also be tested and the effects of long-duratitm 
expt»sure ntrted. In addition to these specimens, another set of specimens will 
he expi»sed to the Texas A. & M . University accelerated exposure facility and 
the asulis will be compared with tlH>se of specimens exposed in situ. 

Subsequent to expt>suie, two types of tests will be performed on each 
spccinwn. The films will be subjected to a uniaxial state of stress at room 
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figure 23.--Ballo€m materials degradation experirrwr^t 



Table 7.~llaNooii Maieriab Sfmrimm 



Fiims 

0. 5-mil nylon 12 TD* 
.5-mil nylon 12 MD*^ 

1,0-mil Strafofiim TD 
I.O^mii Stratofilm MD 

S-mil Stratofilm TD 

.5-mii Stratofiim MD 

1, (Kmil SFX TD 
I CMnil SFX MD 

S-mil SFX TD 
.5-mil SFX MD 
.35-mil SFX TD 
.35-inil SFX MD 
.i!>-mii alummized polyester 
.Hl-mii Hosfaphan 2000 

.48-mii to .4^mii polyester with 400*denier Kevlar 29 
.92-mil to .92-mii laminated Hostapt^n ^XX) 



Tai:^ 

Nylon-reinforced polyester (500 lb) 
Keviar-reintorced polyester (1000 lb) 

Pressure-sensitive adhesive t^ (polyethylene substrate with reinforcing 
polyester barking and silicon adhesive) 



lines 

Nylon (S()0 lb) 
kevlar (SOO lb) 
kevlar (1000 lb) 



**TD transverse direction 
^'MD nreridfonal direitiofial 
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temperature and a« - 80*^ with a constant strain rate of 0.2 percent per 
minute. The load and deformation will be recorded as a function of time and 
stress-strain diagrams will be prepared. Five specimens of each film type will 
be used to insure repeatability. After detailed elastic data have been taken, the 
film will be loaded to failure. 

It is anticipated that significant chemical changes will occiff which will 
affect the effective absorptivity and emissivity properties of the film. There- 
fore, care will be taken not to clean or otherwise aher the surface of the 
exposed films. 



58 



SI 



Thermal Control Coatings Experfaneot 
(A0138-6) 

A. I^lkxis 
CERT/ONERA-DERTS 
Toulouse, France 

J-C. GuiilaumcMi 

CNES/CST 
Toulouse, FraiKC 

Background 

In order to assess the degradation of thermo-optical properties of coat- 
ings used on satellites, a space environment simulation is needed, it is 
difTicult to perform such a task in the laboratory because the simulation 
involves gtxni vacuum, temperature programming, and irradiation by ultra- 
violet light and particles. In most cases, caution must be used in interpreting 
the results because it is in^yossible to dbtsdn light sources with a s^jectrum 
similar to that of the Sun and also because acceterated tests are generally used. 
A comparison of degradations c^Ttained in the labmatory with degr^iations 
obtained in space would be very valuable. 

^ Objectives 

The objectives of this experinwnt arc to verify the validity of space 
environment simulation perfmm^ in the iabmatcNy i- witter to nwasure the 
stability of the thenmM^ical {m^perties of thermal control coatings, and to 
compare the behavior in spewe of sonw mstteriais for which the available 
ultraviolet solar simulation is inadequate (e!^)ecialiy in the far ultraviolet). 

Approach 

The experimental apjxoach is to passively expose samples v le thermal 
coatings of interest. These coatings include blj^rk paint, aluminum paint, 
white paint, a solar absorber, an optical surface reflector, second-surface 
mirrors, metal coatings, ami silica fabrics. Preflight and pmtfliglH measure- 
ments of tt^rmo-optical pn^rties will be compared to determine the efTinrts 
of space envinmment exp(»uire. 

The expcrinwnf will be located with niM fHher experiments from France 
in a l2-in.-<teep peripheral tray. thermal coating samples will be hoased 
in one of the three FRECOPA boxes located in the tray. (See fig. 12. ) The 



52 



MattrkOs, Coatings, and Thenmd Sy^ems 



FRECX)PA box (fig. 1 3) will protect the samples from contamination during 
the launch and reeiury phases of tbc LDEF mission. 

Samples will be independently maintained in sample 
their front face to receive maximum solar illumination when the FRECOPA 
box is open. (See fig. 24.) Thirty samples will be tested. Twenty-nine 
samples are V* in. by Va in. and cne sample is V/z in. by V/2 in. Sample 
thickness is less than 'A in. The maximum temperature during space exposure 
will recoided by passive temperature indicators fixed to the sanylc 
mounting plate. Additionally, the ionizing radiation dose will be measured by 
a passive UF (kisimeter. 

The FRECOPA box will be closed in space after exposure and will be 
kept under vacuum until optical measurements arc completed in the lajwj^ 
HHV The entire closed box containing samples under vacuum will be placed 
in a vacuum chamber, where the optical reflectance spectrum of each sample 
will be rccoixled using an integrating sphere. An additional set of sampleswill 
be maintained in the laboratory for comparison with samples subjected to 
space exposure. 



txpiTiment 
AOl.ifr* -■ 




SpiH imen • 



Passive 
tt'mperature 
indicators 




Spate jor 
experiment 



777r77 




FRECOPA box 
(half) 



■ Sample exposure 
diam. ^ 3/4 in. 



frame ut 
sample holder 



Passive LiF 
dosimeter 



fifiurv J4.~Layout of thermal control surfaces experiment. 
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Expoaire of Spaceaiift Coatui^ 
(SOOlO) 



Wayne S. Stemp 
NASA Langley Research Center 
Hain{Mcm, Virginia 

Backgnmnd 

The degradaUon of thermal control coatings due to space radiation 
exposure has caused spacecraft to overheat, leaifing to pndriems with sub- 
systems and mission lifetimes. To prevent such proMems, designers need to 
be able to accurately predict the performance of thermal control coittings 
Several flight experiments have been conducted to obtain die necessm 
coating performance data. Unfortunately, these d«a were limited to telemetry 
infomiation and the experiments were not returned for postflight evaluation 
Coatmg performance was determined from tenqierature measurements made 
on sample coatings and increases in sample temperature were inteipreted as 
being caused by space radiation. With these experiments it was not possible to 
distinguish between damage caused by space radi«Kion and that caused by 
some other means, such as mechanical ^ress or contamination. To properly 
isolate the cause of coaling degradation, an experiment is necessary which 
jJTOvides for Ae return of coating samples after space exposure for ground 
laboratory evaluation. 



Objectives 

The objectives of this experiment are to determine the effects of both the 
Shuttle-induced environment and the space radiation environment on selected 
sets of spacecraft fhcnnal control coatings. 



The experimental approach is to passively expose samples of thermal 
control coatings to Shuttle-induced and space raduAioa envinmments and to 
return the samples for postflight evaluation and conqMoison with preflight 
measurements to determine the effects of the environmental exposure Two 
additional sets of samples will remain in the laboiatoiy and will be analyzed 
for comparison with the flight data. Optical measuremems of the samples will 
include total normal emittance and spectral reflectance. 

The experiment will utilize a 6-in. -deep periph^ tray and an experi- 
ment exposure control canister (EECC). (See fig. 25.) The ^CC will 
provide protection for some of the samples agaim»t exposure to the launch and 
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I — tECC (twitains coating specimens) 




« — Coatings 

f igurv J'i. f xposurv of spacecraft coatings experiment shown integrated with 
experiment A01 i4. 

reeniiy environments. The BECC will be programmed to open about 2 weeks 
after LOhF deployment and close prior to LDEF retrieval by the Shuttle and 

reentry. 

Some samples will not be housed in the EECC and will be exposed to the 
Shuttle-induced environment during Iminch and reentry. ComparistMi of the 
data from these samples with data from samples in the EECC exposed to only 
the space radiation environment will yield information about possible 
contamination-induced degrwiation effects. 

1 able 8 pn>vides a list of the thermal control ctwtings that will be 
included in this experiment. Additionally, several materials specimens will 
he ItK-ated in ihc IIHCC as control specimens for other LDEF experiments 
ic.^., AO! 14 and A()I87) 
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T«ble B.— S0010 TtMimal Conirol Coi^ 



Type 


CafiHX>sjtk>n 


Substrate 


Sectwid-surface mirrors 


Quartz-Ag 
Teflofi-Ag 
Diffuse Te^m*Ag 


Al 
Al 
Al 
Al 


Bl^k paints 


Chemgiaze, 
IITRI, D-111 


Al 
Al 


White paintffe 


Zinc oxide-silkate, Z-93 
Zinc OKkfe-sjliOHie, S-IKilO 
Zinc orttiotitinate-sflicate, YB-71 
ChemgUure, A'-276 


Al 
Al 
Al 
Al 




Chromic dcid hiffh mni^civitv 
Chromic add, medium emissivity 
Chromk: acid, low emissivitY 


Al 
Ai 
Al 


Sputtered 


Ni-AI 

Ni-SiO^ 

Ni-Al-SiOj 

Cr-SiOj 


Cr^ihtte*epoxy 
Graf^ite-epmy 
Gr^hite>epoxy 
Gr4>hite-epoxy 
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Th^inal Cimtrol ^irfoces Expoiment 

Donald R. WUkes and Harry M. King 
NASA George C. Marshall Space Right Center 
Humsviile, Ai^Nuna 

BackgnNOMl 

The optical properties of thermal control surfaces in die solar region of 
the spectrum are of {Mimary irttei^ to ^»cecr^ diermal desigiKrs simre 
diese properties govern the soko'-heia input to exposed sinfaces (such as dte 
thermal radiators) and therefore influence the lcfnp»atuiv of the spacecraft. 
These properties, however, have been shown to be altered considerably under 
the space environment, which inchides solar iiradiatkNi, thennal vacuum. 
micrvmetecwDid bomt^idni^t, mKi costtamimaion. One such mechanism of 
solar ultraviolet degradation is caused by photodesorption of oxygen, which 
is immediately and completelv reversible upon exposine to a very small 
amount of oxygen ( 10^ to 10"* torr partial pressure). This type of bleaching 
mechanism shows the necessity of in situ measurements of the optical 
properties of environmentally damaged surfaces (i.e., in vacuum before 
repressurization). 

Until now, no optkral measurements of thermal control surfaces have 
been made in space. Temperature measurements of thermally isolated 
samples have been used to back-calculate solar absorptance and thermal 
emittance. This type of measurenK^t is no! as definitive as required and does 
not describe the spectral character of the san^ surface. Spectral reflectance 
measurements of die samfites are requirai to differeiMi^ between differettf 
damage mechanisms of environmental effects and to separMe contamination 

Additionally, because of the inability to simulate exactly the conditions 
of the coating surface temperature and the solar spectrum, there is a majts- 
difference between laboratory test data and in-flight experiment data. Al- 
though the current generatifm of iabtmaory test a^saratus is extremely 
complex and well thought but, it provides only relative data on the deg- 
mdation of coatings in actual space conditions. The only accepted test for 
flight qualification of new coatings is to have them evaluated in actual 
conditions of space flight in the space environment where they will be used. 

Ofajcctives 

The objectives of this experiment are to determine the effects of the 
near-l£arth orbital environment and the Shunie-induced environment on 
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spacecraft thermal coiMrol surfaces. Spectral reflectance meaHuemefUs will 
be obtained and used to difteientiate between difTt^ent solid-stiMe damage 
mechanisms of environmental damage, to separate the effects of con- 
tamiration from those of natural-environmental damage, and for comparison 
and correlalkw with laboratory test data. 

Appraach 

The experiment is designed to measure certain physical propenies of 25 
"active" spacecraft thermal surface samples in an environment that ap- 
proximates their normal use. The parameters to be measured include the 
hemisfrfierical reflectance as a function of wavelength (100 wavelength steps 
from 0.25 to 2.5 ^.m) and the temperature of these samples as a function of 
tin^ iaa calorimeter ctmfiguratkHi. The l^ter measumnents will be made in 
two different physical configurations that allow calculation of the emittance 
ami tl^ ratio of solar id^oqHion to emittance for each sample. In addition. 24 
passive samples will be exposed to approximately the same envtrmunent as 
the active samples. 

Figure 26 shows a simplifled block diagram of the experinKnt. figure 27 
shows the experiment layout in a 12-in.-deep tray, and figure 28 is a 
photograph of the flight hardware. The active san^les are omtained in 
calorimeter assent ies aiKi are mounted along with the passive samples on the 
carousel. In addition, three radiometers (solar and Earth albedo. Earth 
albcdfv, ami eaithi^ine) are also mounted cm the carousel . Tiie radiometers are 
used to measure the radiant energy inckient uprni the samples, which is 
required for calculating tiK ratio of abs(H;Mi«i to emittance. aiKl to jm^viite a 
record of the total exposure of die sanies to the sdar ultFavk>let. 

Hie carousel has two fix^ positions, referred to as in IN, or |Mttfected, 
and OUT. or exposed. The OUT position exposes iht samples to the 
envinmment. The samples arc in this positicMi apfHoximately 2V/i bmus for 
every Earth day. imrluding the 1 '/2-htnu^ period each day when temperature 
and radiometer measurements are being recorded to determine the ratio of 
absoq)ti(Hi to emittance. Tte caiYHJsel is nH^ed 1^ frcmi the OUT position 
to the IN position for the emittance measurements for approximately hour 
each day. For these measurements, the samples view a massive Iwat sink 
(aluminum "emittance" plate) which maintains a relatively ctmstant temper- 
ature, and temperature change as a functi<»i of lime is reccMxted (or each 
sample. 

The IN. or stowed. pt)sition also places the samples ami radiometers in a 
protected enclosure (or launch and reentry. This position is also maintained 
tw 10 days after launch to allow volatiles to outgas prior to starting experi- 
mental operations. 



58 



65 



Mi^riah, Coatings, and ThermcU Systems 

The Kflsctomeier assembly iadtNles m integrattiig sfhete, which is 
located M the botloai of the cmisel i^oiMy. The caamsd is nititted 1^ a 
s^)|^ motor ttrnxi^ a geaeva (hive melanism 10 iMMtioa e^ 
active samples in the tniegnttng sifbae apemtfe. wheie sample leflectance 
can be measured. Each san^ will be measined 20 thnes (faning the LDEF 
nnssion, nominally once p^ montii with measwemonrts sligMly more cHen 
near the beginning of die mssim. 
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h^urv Jh.- Simplified btock diagram of themial conimi surfaces experiment. 
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rtH order 
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-Prot€?s*iir 
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l-saa-U po^f supply 
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assembly 
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figurv 27.' Themal i antral surfaces expenrnvni layaut s/icnvin^ h^auar^ af 
tnmpijnents. 
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lon-Beam-Textured and Coitfed Surfaces Experiment 

(Sim) 

MkbatA J. Miitich. Jr. 
NASA Lewb Research Cemer 
devdand, Ohio 

Backgroond 

Future spacecraft relying on thennai comroi surfaces or solar theniial power 
generation will be subjected &> the near-Eailh Shuttle environment prior to 
in^teitiaii into a getsynAronou* oib^ Hie combined d&cts ctf die n^-€«^ 
Shuttk; envinxmiem nny be synetgistic and nray aaise appred^ 
pritx- to getwynchronous-ofbit operalkms. In sim exposure of vanoas candidate 
surfaces is required to evaluate material, optical, and/or ekctrical property 
duraMIity so tfiat a chm (^surfKe niaiefids be made with n 
and/or electrical performance, durabili^, and contamination protection 
nsquirements. 

Objective 

ne f>bjective of this experimeiM is to mea^ire the effects of exposure to the 
Shuttle laundi arKi ne^^mlfa ^»oe «ivin»inients on the c^xkal properties of 
ion-beam-texnired high-absoipiance sciar thermal control surfaces, the optical 
ami eleciiical prop»ties of f«i4)e«iH^xittaed oomfcictive sdm- diennd coimol 
surfaces, and the weigh! loss of ton-beam-dept^ited oxide-polymer films. 

The various types of surfaces to be tested include six v^or categories: ( 1 ) 
ion-beam textured surfaces soiit^^ fat space sf^-diermal {saiast conceturiaor) 
ai^ication (e.g.. materials wsh as copper, aluminum, Inconet, stainless steel. 

td silver); ( 2 ) painted and/or state-c^-tt^-ifft solar thertml surfaces (e.g. black 
cnit>mc): (3) kni-beam-i^xittered cmchKnive codings for thenml and s{»ce 
charge contn)! (e.g., indium-oxide-coated metal izcd FEP Teflon); (4) iim-beam- 
sfHinered con(UH:tive coated sol»--sail nwterials fa space charge cof^Dl send 
cooling through emittanct (e.g., spimered co^gs on Kapton siK:h as imiium 
oxide, aluminum, and dHt»nium); (3) mkitMn^etrnHd-sefe^tiw samples whose 
optical pn^iedies change only as a tesuh mk:nMnele(»tHd in^iact: ami (6) 
Kapton oKited with oxide-polymer films to minimize oxygen degradatkxi at 
near-barthHHbft altitucfes. 

'I"hc objective for the fwst two categories of samples is to verify that the 
optical properties of die nucroscc^ ccme or rklge-type bn-beani^xtintd 
surfaces are more reseturt to d^Bdatkn dim amvemional sa^ diomal 
surfaces. The ob^xtive for the diiid tyid fowdi cat^iries ai samphs is to 
evaluate die electrical and fsplical (huability fsf oMKhictiw coi^if^ fox diermal 
cuntn)! and solar-sail radiitfive coolhig t|)f4kitfi«K. The otqectiw for die 
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filfltalegcify sample Hi to kfemify changes in the optical properties which can be 
attribided to micronieteaioid inq»ct. The ofciective for the sixth c^egory is to 
measure any changes in optical or m^erial {mpoties erf oxide-pcrfymer-cos^ 
Kapton after expoiAire to the oxy^ atmn envinrnmenl in near-Eanlh (Shuttle) 
mhit. 

AppitMch 

The experimental approach Is to passively expose the san^jles to ail 
envinmments of the entire mission. The optical propeities (absocptance and 
emittance ) of each surface will be measured in grmmd tests both beftxe and after 
exptisurc to the enviixMiment. This will be done by experimentally measuring the 
spectral reflectivity between 0.33 and 2. 16 yun mm a Gier-Dunkle integrating 
sphere to obtain the solar absoiptaicc. The emittance will be obtained by 
measuring the spectral rcftectance in die infrared between 1 .5 to 1 5.5 jtm using a 
Hdraum refkctimieter. 

Hiectrical conductive coatings will be resistance tkicunKnted before and 
after the UDBF flight. Ccmiparisons will be made between the durability of the 
painted surfaces and the ion-beam-textured Of sputtered surtax's. Additional 
tests, including weight loss. Auger aiKl SEM mea.surements and/iv chemical 
analyses -may also be performed as ttw data warrants. 

ITk* experiment requires one-sixth of a 3-in.-deep peripheral tray . Figure 29 
illustrates the experiment conflguratitxi and tsWe 9 li^ the sampfes thitt will be 




fi^un- J*).- ton-iHam-textured and coated sudaces expcnmvnl. 
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IMe 9.— knvSeam-Textiired ami Surioces Samples 



Sample txtemal Subitrafe Infernal 
number expcmKi surface unexposed surface 



1 

1 


U. l-fim AU on KfXtUfVO 


FEP Teflon 


Untreated 


2 


0.1 Au on textured 


Ftp Tefkm 


Untreated 




Textured 


Si 


r Ulf 9* l^r\J 


4 


Textured 


Si 


r VfllM KTU 


s 


TextufBci 


Ti 

(h% Al 4% V) 


Untreated 


fi 




Kdoton 




7 


O.ObfV-jun 4% PTFt ^ 


Kapton 


%J 1 1 « 1 CrcilCVI 








8 


Textured 


Steel 


uniexturec! 


9 




Kapton 


UntrMtPci 


10 


T€»xtured 


inconei 




11 


0.1*|iifi Al on t(?xtured 


Cu 


1 fntrv»jit#v4 
1 1 1 1 trci 1 t^\j 




surf^e 




rz 


0.070-|iin MjO^ 


Kapton 


Untreated 


n 


Textured 


Cu 


v 1 ■ 1 trill M vtfu 


14 


0.(fb5-|im 4% PTFt + 


Kapton 


Untreated 


IS 


Textuix'd 


Pyrofytk 
gr^l^ite 


UntexfurMi 


16 


0,06^ ixm SiO, 


K^on 


Untreated 


17 


Textured 


ICaoton 


0 l-iim Al 

l/» l**|Mll /V 


IK 


T€»xlured 


Kapton 


O.l-i&m Al 


19 


Tf*)(fftiivH 


IVi^ROfl 


u.Z'lun Ag on 

tp^urpfi wrfar^ 


m 


Texturi»d 


Kaolon 


v.*. "1*111 on 
textured surface 


21 




Ftp Tpfkm 


U. l3*|JLfi1 Mfi 


22 




FEP TellcHi 


n "ICMiifin Ao 


21 


Untextured 


FEP Tefbn 


0.1«iLm on 
textur»J surface 


24 


Untextured 


FEP Teflon 


0.1-fun on 
textured surface 


25 


0.1-|iun Al 


Kapton 


Textured KaptCHi 


26 




Kapion 


Untrefrted 


27 


Black chrome 


Ti 

ih % Al, 4% 


Untre^ed 


28 


UntreatiKi 


Crafoil 


Untextured 


29 


UntreatcHi 


K^on 


0.1-^111 Al 
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IM^ 9.— Cant hMieii 



Sampif 


External 


Substrate 


internal 


number 


exposed Sriirface 


Unexposed surface 


¥i 


Untreated 


nP TefkKi 




31 


Nextei paint 


Ti 

(b% Al. 4% V) 


Untreated 


il 




Ai 


Untreated 




Embossed 


FEPTefkm 


0.1$**)un Ag 


»4 


Uncoated 




Untreated 




-SWO-A Al 


W4 stainless 
steel 


Untreated 





1.0-fi.m Mo 


Fiberglass 
ccHnposfte 


U.2*p.m Mo 



Cascade Varmbfe-CondiKtaiice Heat 

(A0076) 

Michael G. Grate m»i Leslie D. Calhoun U 
McDoonell Douglas Astronautics Company 
1^. Lam, Missoiui 

Background 

A number of !^)ac^q:ait applications could benefit fh^ 
turc control system wWdi lequiies zero electiical power. The diy-reservoir 
variable-conductance heat pipe (VCHP) system will provide this capability, but 
its performance csquMl^ have not been adecpiatdy denwiKtr^ in fligltt. 

Oljeeihe ' 

The objective of this experimem is to verify the capability of a cmcade 
vari^>le-conductance heat p^ (CVCHP) system to provide piccise tonpera^ 
control of long-life spocecr^ without the need for a feevfiiack heater or otfier 
power sources for temperature adjustment under conditions of widely vaiying 
power inpitt and an^HOtt oiviroimiem. 

The ^jproach to comhicthig the exp«inKnt is oxKi^em widi the IDEf 
capabilities (i.e.. relatively kmg dvxdSkm, zero gravity enviromnem, and mini- 
mal electrical power Mid system capability). Solar energy is the heal source 
and space the heat sink for thermally loading two series-connected variable- 
conductance heitt pipes. Electroiucs Mid power siqiply etpiipment recpufonents 
are minimal. The experimoit power data system (EPDS) in LOEF experiment 
SlOOl (Low-TempeiatiwB Heat Pipe Exp^iment Pk^kage (HEPP) for LDEF) 
will be used for data recording. A 7.S-V lithium b^tesy stq)plks the pow«^ for 
thermistor-type tempenrture sensors for moniming sy:^ performance, and a 
28-V lithium battery s^)plie» power for vahw actuation. 

The experiment will occ^iy a (hjn.-deep petiphoal tray located on the 
leading edge of die L£^. Two exteinal-fiurface subpotels will be employed 
which are diennally coupled to opposite ends of two series-comected variable- 
ccMidiKtance heirt (Hpes. Ote fmnd will be desi^ied as a hest absoAt&t ttoou^ 
af^ication of a high a/e (^worptivity/emissivity) sadmx ccwling, aid the 
second will be a radiater wirti a low a/e swfaoe coating. Muhilayer insulatioa 
and fifaeiglass stnKlural itttadmients are used to thermally iscdate die exp 
from die tray structure and interior. Each of the heat pipe evi^oram will 
be maintained within preselected temperature naiges by sizn^ the collector. 
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radiatcir. md in^ulatkm and by servicing the iK)na>ndeastMe dry gas reservoirs, 
thus deoK^nstntting passive var^e-ciMiductance he^ pipe opemtkm. 

Rgure 30 shows the CVCHP experiment configunttkvn, which uses two 
gas-la;Kied. dry-reservoir VCHP's in series. The coarse-amtn^l f^at pipe tem- 
perature is controlled to (rius or minits 3X^ and Is used as a sink the 
finc-ayntn>l heat pipe. The dry gas reservoir temperatures arc a^ntrolled by 
kvating the reservoirs next to ti^ 1^ pipe ev^^ators. The principal cxMKem is 
drift in the set point temperature due to many heat kiad and/or enviremment 
temperature cycles. The cyclic c^ierdtkKi will move vapcv into w out of the 



ttitchtng solenoid 
Kddiafor 



Capiiiary tubi* 
assembly 



( iiarsr-iontrcii 
(»immoniji V( *HP 

1 o^usf -< onlrol reservoir-^ 
f IrdrofiKs 



striu lure - 
At t f*Ns df M>rs 




Primary 

solar 

colleitor 

Latching 
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Secondary 
collifitor 

Capillary 
tulH« 

assembly 

Fine-controt r4*si*fvoir 

Fine-control 
(ammonia) VC HP 



Insulation 



Biitferies 



Kacltator 



Primary solar 
fc|iitpmenl panels^. colUnfor 




ontn)l 
fes€*rvoir 



HP heat exchanger 
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hfiUfv Ui. i list .idv vdTuhlv-ionduitiimc hvat pipe confit^umtnm 
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itofKCHidenMbie gas nescrvw, whidi ch«u^^ the set point ten^ienitune by 
introchidng a vs^ying mirking-fluki partial pressune imo the gs^ reservc^r. The 
cafNilary tube is IcKrsoed between the heat (ripe and tfie resiervcnr to prevem 
wixiing fluid fnmi entering the reservoir. The dianKto- and lengdi the 
capfltsoy are setected to sidsfy two criteria. First, the opllaiy rmist |m>vid|r 
sufficient vdume to wxtMnmodirte the eittine vcdume of gas dif^daced when the 
vapor fhmt moves from tts minirmim to its maxinMim portion. Secoml, the 
cafHilary length nniM be sufficienl to prcvert diffusicKi imo the reservoir Urc thr 
mlvskm lifetime. 

The he;tt pipe wkic design, shown in figtu^ 31 , has a single-pedeMal artery 
with seven tubelets enc losed in a sheath of two layers t>f 4(X)-inesh screen. The 
shCi^ provkles the high cqrilliury (nin^ng pressure ami tf^ tuhefets pnovide 
high permeability to rcdiK.^ the axial prcssune drop. The wall wick has a 
2(N)-niesh outer layer for low pes^sure dn^ and a mi(blie layer of 40() mesh for 
capillary punning. 

Amnk^nia is used as the wi^ilcing fluid for bcHh heat pipes. The cc^irse- 
control VCHP has a rt*servoir-ttvctmitensor volume ratio of which will yield 




/ s«r<H*n 0.0.12 in, diameter 

• Full 4CMI-m<>sh 
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a cimtnil hand ot plus or minus rC. A larger 90-t»- 1 volume ralk> is used on ihc 
rine-cimtnil heai pipe to attain a control of plus* or minus 0. .V C. The fine-«>nlnH 
VCHP has 8.5 m of capillary, and the couree-comrol VCHP has a lai^ 13.4 m 
section because erf its lai^er condenser vtilun^. 

Hxperiment operation begins when the bat^ circuit is initiated at LDEF 
deployment firom the Shuttle. When the temperature of the fine-coarae heat 
eu*hanger falls bdow - TC, a valve opens to permit inkiation of the coanic- 
contrul VCHP and allow the heat pipes to prime prior to beginrang VCHP 
opefaiiao. This ten^jo^rtuie-comndled ii^imion ensures that heat pqpe mnpeia- 
tures are below their operating set pooit so that v^xir is noc forced into the 
reservtMr>. Twenty-five hours later, another valve opens to initiate the fine- 
amtn)l VCHP operatiim. This delayed openit^ pennits to be taken on a 
stabilized ctxir?ie-contn>l VCHP before fine-control VCHP operation. Data will 
be ct>llected at kast twice daily during the LDEF mission and will be stored on 
iiiugnefK: tape for jMibsequent retrieval and playback. 
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Low-Temperature Ifcal Pipe Experiment Paduige 
(HEPP) for LDEF 

Roy Mcintosh, Jr., and Stanfoid OUendorf 
NASA Goddad Space Fl^ Cenia 
Greenbeb, Maiyiand 

Craig R. McDdgfat 
NASA Ames Research Cenfer 
Mofiett Hdd, Cslifocina 

Bac fc grei i ad 

Experience gamed in the devetoiwiert of heat pipes ^ 
iKces«ty (tf obiainii^ potbnnnice data m ifae ^»ce envi^ 
the fact dutt the pun^m^ in a heitt pq)e is derived fhNn isbtt^ 
fofces. As a resuk, pmticularly in die aee of die axndfy gnxnred geonietiy, 
relial^ 1-g peffbmBoice measwanoMs sac (rfken vay difficult to oblani. Abo, 
nrany of die candidate iow4ai^)miiire «id ciyogemc fluids have lel^^ 
surface tensicms and widch^ hd^, whidi cofivotmd die pi^^ 

Ol^ectivcs 

Ihd principal directives of theexpeim^ are tod^ennine zero-g ]^-iq> 
perfonnance for cimveiflional and diode k)w4ai^)aatuie he^ 
he^ pqje pnfonnffiice m zem-g for aa exieffiied period tone, to d^emmie 
zeto-g tramport capalMlhy each he^ (Rpe, mid to detemcnie (fiode openttkm, 
including forwmd OHidtKbuK^, tmndown n^, mid transkstt belKnrin'. 

ApfMvach 

The hesrt i»pe expoimeitt package (HEM') k designed to test tlie perfor- 
noance of kiw-tenqpentfiMe (< 190 K) heat pqies on the Loi^ Dimtkn Eiqposiae 
Facility (LDEF). Two heapqies. a fiJKxl-^wwfcictanre 
thomal-diode heiU inpe, ae coiifried wMi a tsu^aA coda syrtem. 

Bodi |»pes ae duH]ged edmne. Alw imegnied wtti die minttx- » a 
(4uHie chai^ noierial (FCM) emmiiar winch provides HaiywMu re dd^lhy 
during transport tests. N-hep(ane, whidihasameltH^/firBezii^pointof 182 K, ts 
used as die iCM. The high heat capac^ (28 W-hr of leient h»it) provided by die 
canister pomits ht^t-powo* beat pipe lestii^ (e.g., 40 W for 40 nmntfcs) M 
coitftam tenipaatuie. MiAilayer insidatkn UtodKts aie eni|ri^^ 
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ing configumkm was developed to mintmi/e parasitic inputs froni the Barth and 
maximize radimion to deep space. 

HEIY is a conqitetely self-contained aiKl themially isoiiOed paclc^ 
designed to fit in a 12-in.-deep poipheral tray, as shown in figurc 32. The 
necessary electrical equipment, including electionics for signal conditioning 
sequencing and command functions, will also be ccnMained w^in die experi- 
ment iray. A standard LDEF experiment power and data system (EPDS) will be 
used for data collection and neconding. Power for the experiment will be provided 
1^ a dedicsaed solar-panel Ni-Gi battery system in another 12-in.-deep tray (fig. 
33). This tray will be located on the space-facing etxl of the LOEF to take 
maximum advantage of Sun ii^ for experiment operation. 

After ctwpletitMi of the LDEF mission, the reccmied data will he unpacked 
and ctmverted to engineering units. The exi$«ing thermal model will be used to 
analyze and ctMrclate the flight d^rta. The flight data will be used to estsMish 
btHindary conditims; the thermal program will then determine individual he^ 
pipe heat flows and cmiductances. diode shutdtiwn energy, and PCM perfor- 
mance. I>ala tainilatioas and pkMs will be generated and ctMnpared with |Wtflighl 
panJictitMis and thermal-vacuum test results. Pnfonnamce results derived from 
the unaiysLs will he repealed folk)wing pieflight and po^ight tests. 

Aiklitionaliy. as a n^iult of K^^Jton erosion seen on Slnittle flights, control 
samples have heen adtkxl to some of the trays as an at«nic -oxygen coftfings 
investigation ti) deteimine ways fmAecting Kapton (polyimkie) film fnmt 
af(Hnic-<nygcn degr.ttlafi(m. Several specimens (a Ki^^im amtnrl. Ka{Mon with 
coatings of ln<)t. ureduuK-acrylic. ami silictm^) will be taped to Kaplon fdm 
( 14 in. square) using Kapton-hjck^. messure-seasitive tape. This sheet will then 
be taped to the HKfV tny Kapton blanket. A (hiplicate set :>f s^iecimens will be 
simiiariy taped to the CVCHP blanket. In the case of the ptwver tray, a lesser 
number o\ specinK'ns will be taped directly to the metal lip t>f the tray. 
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Figure 12. ^Low temperature heat pipe experiment $/wnvn during LDEF 
rimpatUyihty test. 
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Transverse Fkit-Plale Heat Pipe Experfanei^ 

CSUNI5) 



James W. Owen 
NASA Geor^ C. Mtfshall Space Flight Center 
HuntsviUe, Alabmui 

Fred E<telstein 
Grumman Aorospace Cdcpmtion 
BedifMge, New York 

ItacltgnmBd 

For « number of years, NASA Marshall Space FUghlCdnler has actively 
pursued die practical applicattoQ of beat pipe technology to actual thermal 
comrol haid%vaie. A Bunte of heitf pqpe coocepts haw been developed 
biea(8)oard hardware and extensively tested under tbeiroal vacimm condi- 
tions to verify performance. For example y p i og n u ns have been successfully 
completed %vhtch demonstraled a depkivm heat pipe radiator* transvene 
heat pipes, an isothermal hM pqw plalE^Wl a total heat pipe thermal con^ 
system. In addition to these hardwai^ pn^iams, thermal investigations of 
^utuie v^les, sudi as the space stati^m, imoBgly inchcate the adviH^^ 
heat pipe thermal control sy^ems. With diis overwhefaning support favoring 
heat pipe thermal control systeW fttture payloads currently in the early 
design phase still revert to fligt^iiiDven tfaerm^ control techmqoes. This 
experiment offieis a unique oppoimntty to provide fligitt demonstration of 
curremly available hettt pipe thmnal c(^nd tecfandc^ to remove the stigma 
from its general acceptance for s|Mce triplications. 

A transverse heM pipe is a vwriable-amcfatctattce bet& jnpe (VCHP) 
which can handle lel^vely li^ge dmmal loads. It was developed to cii^ 
cumvent the gas buU>le arteiy blockage poblem associated with con- 
vemional arteiy wkk designs wfakrh tin^d their capacity to miall loads in the 
VCHP mode. In the basic design of a transverse heat pqw, liquid fk>w8 in a 
din»:tion transverse or perpeniticular to the v^wr flow. Temppature conti^ 
is achieved by usii^ conv^iooal noaamdemM^gss tedin^i^. 

The concept of tins ittvesttgati<m is lo irtilize am&Bi basic heat pipe 
tcchnok>gy to design and ftdmcale a heat i»pe theimal control module 
experiment, ttemcHBtnie the hardware csqiidnl^ and performance in the 
Shuttle flight environment, and verify the grouiid vosus fUgitt ditfa coi^ 
relation. It is anticipated that the self-^egnlattd transverse fhtt-plaie heat pipe 
will maintain the tempertfure comrol areas of the experimeitt within the 
tolerance specified with varying heat inputs independent of LDEF 
oriemation. 
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(Mbjecthe 

The objective this experinwitt is to evaluate the zeio-g peifcmmnce of 
a mutiber of transverse flat-piitte hem pipe mochiles. Perfcrnnance will incliufe 
die transport ciq>^ility of the pipes* the temperature drop, aiKl the atnlity to 
maintain temperature ovcf varying duty cycles and environmems. Ad- 
ditionally* performance degrmlation, if any, will be mcmitcmU over the kmgth 
of the IJXF mission. Thb informiakNi is necessary if heat {Hpes are to be 
conskfered for system deigns where they c^er benefits ikm availsAle with 
other thermal control techniques. 

AmMranch 

As shown in figure 54, thrK transvme flat-plate teat pipe modules will 
be installed in a 12-in.Kteep poriphmd tray. Heat will be supplied to the 
evaporator side of the module by a battery power siq^ly that will simulate 
various watt density equipment heat dissipators. This heat will be radiated to 
space from the outboard-facing radiator surfiK^ of die modules. Pnetimed 
' tK^ater duty cycles will {movide Umd inputs at discrete mission ttn^s. Ther- 
mocouple data recording tbc perfcmiance of the heat pipes will be stewed on 
magnetic tape for analysis after retrieval of the experiment. The entire 
experin^nt will be self contain^ with respect to powei^sopply • data stcmige, 
and <Mi-«hit cycling. An experiment power and data system (EPDS) will be 
used for the data receding ami USO2 batteries will fHOvi^k EPDS power. 

Heat will be supplied to the modules through foil teaiers bomted directly 
to the h^erior surface of the modote. The b^teries and cMher compcmente 

utilized to suf^ly heat to the modutes because it was desired to be able to 
accurately control the module environments and vary the heat loads to allow a 
HKHT detaited verification of the expoiment c^>^iity. Heater power will be 
provitfed by 28-V lithium mcMwflucHO^i^fte batteries. 

The experinKnt tinvline is shown in figure 35. Three identical experi- 
ment '*cHi** times are planned during the mission. Each '*on** tin^ will last 
approximately 1 3 hmirs (8.6 oibits) and will have Iwat input to tbc moiiules as 
shown in figure 36. Each •'on** period will be subdivtikd into two 4.3-<wiNt 
Nraier input periixls to verify fmiptf c^)eratton of each nKxiule. The initial 
"on" will occur approximately I mcHith afier iaumrh. ti^ second **cm**67.5 
days later, and the third 67. S days after that. The three klenticai **on* ' periods 
at different times of ihc missicm ^m*ld allow ktentification of any perfor- 
mance changes during orbital lifetim . 
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LDEF Thermal Measurements System 
(P0003) 

Robert F. Greene, Jr. 
NASA Langley Research Center 
Hampton. Virginia 

Background 

Many of the passive experiments flying on LDEF will be significantiy 
enhanced if data arc available postfli^ to indicate Uie temperature-time 
histories of test materials and other specimens exposed in the experiments. 
The baseline LDEF approach was to provide postflight calculated tempera- 
ture histories of experiment boundaries and solar flux data for the mission, 
whkh can in turn be used by each inv^gatn* to calculitte die tempmrtuie- 
time histories for critical experiment components. Without in-flight tempera- 
ture measurements, a substantial unceitainty (±40T) will exist in the 
calculated temperatures. The data measured by the thenmal measurement 
system (THERM) will significantly improve postflight knowledge of temper- 
atures experienced by LDEF experiments. The THO(M data will also be 
valuable in validating the LDEF themul design concept and in {noviding 
better design data for experimenters on future LDEF missions. 

CMijectives 

The t>bjectives of this experiment are to determine tte hii^ory of the 
interior average temperatures of tl^ LDEF for t>K total ori)ital mission and to 
measure the temperatures of selected components and thermal boumlafy 
conditiims. 

Approach 

The THERM system consi.sts of six copper-ctmstantan thermocouples 
( T/C's), two thermistor refereiure meaMiren^nts, an electnmic system, one 
7.5-V battery, and an interface hariKss with the HEIV experiment. I^u are 
recorded on dedicated channels nf a shared EPDS tape recorder in the 
low-tempeFamre he^u pipe experin^t package (HEPP) (SlOOl). 

The THERM hardware lociaions arc shown on LDEF in figure 37. 
Measurement i (Novides the temperature of the center structure ami a Imckup 
measurement of the average temperature. Measurement 3 is (»i tt^ t£^ of the 
dcmie suruHinding the viscmis nutgwtic damper. Measurement 4 is on a 
radiometer suspemkd in the mitkiie of the center ring and is (tesigml to track 
the average interior ten^)erature of LDEF. Measuren^nt S is cm a side 
. longeam structure that is expected to see the maximum structural tempera- 
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hfiarv i7 lin jtion ut THfRM hardware on LlHf. 



lure. This ineasunrnwrn can also be used for rough attitude iktermination of 
the Lf)bF. Measureimnt 6 is on tt^ space end of tl^ structure and jniDvides a 
nrporscntatf ve bmindary condition fw tt^ experiments mounted on the spaice 
end. Measuren^nt 7 give& similar data fw the Earth-facing end. Measure- 
ments 2 and 8 are tt^rmistors that measure tte reference junctitwi temperature 
in the THERM electronics. 

Operationaliy* THERM will be activated when it receives its own 
initiate or *'sct** signal frwii LDEF just prior to LI^<teployment imocnbit. 
RiHitine scans of data will be taken abmit 12 tiims daily; hov^ver, on 
cK'casions during the mission the HEPP Ic^ic will trigger the EPDS to record 
data in the high-frequem:y data reccnding mock for periods up to 15 days, 
luring the high-frequefu:y mocte, data scans will be taken every 5 minuies to 
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pn>viife temperature profiles ihnHiglKiut typical orbits. The THERM data wil 
therefoie provide both kMig-term and transient temperatures. TcHal system 
%Turacy is within plus w minus KTF fw all measurenKimts over a range from 
-3()^Fto I70T. 

The THKRM data« other experiment temperature data, and LDBF 
attitude information will be reducxnl and analyzed postflight to provitte each 
experimenter with an impaived time history of the experiment biHindary 
conditions encinintered during the LDHF mission. 
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Space Plasma High-Voltage Drainage Experiment 

(AW54) 

William W. L. Taytor and Cjcne K. Komatsu 
TRW Space and Technology Group 
Redondo Beach, California 

BKfcgrDBBd 

Thin dielectric films arc frequently employed as the coating materials for 
solar arrays and in thermal control applications. These films are subject to 
electric stress as a result of either voluntary or involuntary actions. For 
solar-array applications, the presence of airay voltages causes electric stress 
across the dielectric fUm and to the space plasma, with resultant current 
drainage from the plasma to the array cells. As my voltages are raised, 
electric stress and cuirent drainage levels ahio rise and may impact airay 
operation and efficiency . For both thermal control coating materials and array 
coating materials on spacecraft imniersed in enef|«etic paiticle environments 
in space, involuntary chaise buildup occurs and results in both transient and 
steady state current drainage th^ may impact spacecraft operation. 

Objectives 

The objectives of this experiment are to plmx lar^ numbers of dielectric 
samples under electric stress in space; to detomine their in-space current 
drainage behavior; to recover, inspect, and further test these samples in 
laboratory facilities; and finally to specify allowable electric stress levels for 
these materials as applied to sohtf-array and thermal ctmtiv)! coatings for 
prolonged exposure in space. These findings, in turn, will pace the design of 
encapsulated, lightweight, high-voltage solar arrays as well as the develop- 
ment of coating materials for spacecraft operation in energetic charged- 
particle environments such as that experienced at geosynchronous altitudes 
during magiftftic substorms. 

The drainage current behavior of thin dielectric (insulating) films in 
space is determined by placing the forward (exposed) face of the film in 
contact with the space plasma while applying a bias voltage to a condiKrting 
layer on the rear (nonexposed) face. Current flow from the rear-face con- 
duction film through the dielectric to the chai^ged-particle enviixynment of 
space iKxurs as a result of the bias potential. The completion of the current 
kxjp occurs when charged particles are collected from the space plasma by the 
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frame of the LDfcF and are then delivered to the gitHind rctum of the bias 
voltage supply. Figure 38 illustrates the experimental arnuigemcnt. The bias 
potential is developed by a sclf-<»ntained battery and power processor unit. 
Each dielectric sample has an associated battery and power processing unit, 
except for the "spectator" samples, which are im ekcnically stressed in 
flight and hence allow a determination of the effects of merely being present 
on the LDBF. Figure 39(a) illustrates the dielectric sample construction. The 
actual experiment will occupy two 3-in. deep peripheral trays. One tray will 
be located near the LDBF leading edge and the other will be near the trailing 
edge. This configuration will allow the determination of chargcd-particle 
drainage as a function of plasma density. Figure mh) shows a top view of one 
tray, minus the test samples. 

The dielectric sample power processor is equipped with two cou- 
lometers. The first of these is in series with the bias voltage lead and 
determines the integral of the drainage current during the flight. The second 
ciHilometcr. which has a high-value in-series resistor, is placed between the 
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(b) view of tray. 



fifiun- i^. Sp.icc plasm,! hi^b-vaftane dmndge experimenl. 
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bias pvncmial and LlHiV gitnind todetemiine the linw-mlegraied applied-bias 
voltage. An average fn>nHo-back resistance of the dielectric sample is 
detennined troiii the measured time integrals of drainage current and bias 
potential, and the bulk resistivity t>f the diolcvtric material under applied 
stress and in the space cnvironnKnt is determined from known surface art*a 
and film thickness. If this bulk resistivity remains greater than certain 
minimal limits fiH* a given bias potential, then use of the material for 
high-voltage M>lar arrays would be pemiitted for this series of ^ -ecified 
environmental and electrical conditions. Deterioration of dielectric pn>perties 
under continued stress would rule out use in the high-voltage arrays and 
wtmld preseni significant Umg-tenii o^uiiibralion data fi>r spacecraft coaling 
materials subjected involuntarily to charge and voltage buildup because of 
energetic charged- particle deposition. 
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Soiar-Array-Matedals Ptaive LDEF Experfmoit 

(A0171) 



Ann F. Whiiakcr. Charies F. Smith, Jr., and Uighton E. Young 
NASA George C. ManOiall Space Right Center 
Hiuitsville, Alabama 

Ileniy W. Biandhorst, Jr., and A. F. Foresticri 
NASA Lewis Research Center 
Clevetand, Ohio 

Bdward M. Gaddy and James A. Bass 
NASA Goddard Space Right Center 
Greenbelt, Maryland 

Paul M. Stella 
Jet Propulsion Laboratory 
Pasadena, CalifcMmia 

Backgronnd 

The long duration functional lifetime requirements on lightweight high- 
performance solar arrays demand careful selection of array materials. The 
space environment, however, is a hostile environmem to many materials, and 
some of the pn»Wems are well documented. A Ihernud-vacuum environmem 
can affect materials by accelerating the outgassing of voltiile species. The 
condensation of these outgassed products on anay cover slips will lead to 
reduced solar-cell electrical output, a situation that is especially critical at 
high astrommiical units (AU's). Outgassing can reduce mechanical strength 
in materials, which will affect the integrity of the atray substrate, hinges, and 
deployment mechanisms and create electrical problems throu^ insulation 
breakdt>wn. A further effect of outgassing is the degradation of thermal 
control and reflector surfaces. Some extended performance arrays that have 
been studied but never flown utilize deployaUe concentrators whose re- 
flectance is especially importam at large AU's. Protons, electrons, atomic 
oxygen, and UV irradiaticm ctmtribtUe to surface damage in these anay 
materials. Thin-nim materials can become emt»ittled and thermal control 
surfaces can become discolored by this irradiation. Severe mission environ- 
ments, ctnipled with the lack of knowledge of space environment materials 
degradation rales, require the generation of irradiation and outgassing engi- 
neenng data for use in the design phase of tiight solar arrays. 
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Objective 

The objective of this experiment is to evaluate the synergistic effects of 
the sp^ envinmment on various solw-array materials, including solar cells, 
cover slips with various antiieflectance (AR) coatings, adiKsives. encapsu- 
lants, reflector materials, substn^ strength materials, mast and harness 
materials, structural composites, and thermal control treatments. 

Approach 

The experinwnt is passive and consists of an arrangement of material 
specimens mounted in a 3-in.-dcep peripheral tray. A i^ograph of the tray, 
which has been subdivided among the v^ous experiment oiganizations. is 
shown in figure 40. The effects of the sp«ce environment on the specimens 
will be determined by ccmipariscm of prefli^ and postflight measurements of 
mechanical, electrical, and optical piopetties. 



r Solar cells with covers 




hfurv 4(i~Sniar-dnjY nwterials t'Mfxnmenl. 
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Advanced Photovottaic Experiment 
(S0014) 

Henry W. BraiHlhiyni{, Jr., ainl A. F. Fc^vslicri 
NASA Lewis Research Center 
Cleveland, Cttiio 

Backgroomi 

The advamxxl (^>fovolUitc experiment consiMs of a gnnip of three 
phfuovoltaics a^lated experiments for investigating a portion of the wlar 
spectrum atui tl^ effect of tl^ space envimnment on {^ovoitaics. The 
information will be used to f^ivide ccHrelaticm between space and gnnind 
testing and alM> to pnivide for mnc accurate performance measurement in the 
laboratory. 

f)foje€tivcs 

Specific (»bjcctives of these experiments an? to provide infi>rmatfon m 
the pertcmnancc and endurance of advanced ami cHHiventiiHial solar cells, to 
improve aMcrencc standards for photovcrftaic measuren^nts, ami to measua* 
the energy distribution in tlw cxtniterrestrial solar spectrum. 



The experiment will iKVUpy a 1 2-fn. -deep peri|^*ral tray and u ill use an 
experiment power and data system (BPDS) fw data receding and LiSO;* 
batteries lo satisfy ptmer requiivnurnts. Higuiv 41 shim s a j^Hograph of the 
experiment. 

experimental approach for the thiw experiments is detailed below. 
Space r^>^u^c of Solar Cells 

S}u .*xpoNurc of advamred and conven'iiHiai cells will provide infor- 
matiim on the periormance and endurance of such cells in tl^ space environ- 
ment. (^HTclalion between space envinonment ami gnmnd simulafiiui lest 
a*sults will also be verified by this experiment. 

Data lo be obiaimrd will include temperatua*s and sN^-circuit current of 
the samples Six-point cument-voltage (I^V) characteristics will be iibiained 
lor selected samples . These data will be rcccHded once a day during the flight , 
Orbit data u til be eorrelaled w ith preflighf ami posfflight measurements of the 
samples 
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Po^r and Propubi<m 




hi^utv 4l --Ad\ jniedphirtovoltaic expenment. 



Rctcrcncc S<ilar-CVn C^alibratiim 

VaiinUN a'tcrcncc colls, including mjhic prcvinuslv nicasuroJ on hal 
Uhw. aircrall. t»r nvkct Mig^hls. will he measured belt>re tlijiht and throu}ilh»ui 
the fliiihi u>deierniine iheirinitinils(stH>rt-cin.uit current r I pon return, thus*.- 
cells >*iih knimn iHitput in space will sene as laKiratory standards t«»r 
accurate dcterniinatiim i>t space i>utput truni other cells and arrays I hc llitilii 
of pa-\ii>usl\ calibrated cells will pennit verificatitHJ *>t the accuracy ot the 
variiHis calihratiitn techniques. 

Stilar Spectrum hnergy Distrihutiim 

A series oi optical bandpass filters coupled lo stilar-cell detectors w ill Iv 
used it»detentiine the energy in 16 spectral ivgions between 0 3 and I I jini 
in addition, the l4»tal energy in the spcxiruni above and below (1.5 fxni w Hi be 
nK'asunrd using a dichroic 45" inirror. TtK* characteristics »»l the filters u ill K« 
measured birth preflighf and p»»s!flighl. The energy within the appn»priate 
bandpass will be determined fnmi the shtm-eiivuit cunvnt oi the detet.tt>r 
M>!ar cell nwasua-d in space. These measuaMiients will be used to assess the 
accuracy of laKiraltvy instrunKnts such as the tiller when:! solar simulator 
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Finally, the unal energy in Ihc st^lar spcclruni uill be delemiineU with an 
ahsiilute radiometer delecun'. 

The lolloH ing partieipants have supplied samples tor these experiments: 
Air Force Wright Aeronautical Laboratory; Applied Solar Flnergy Cor- 
poration: C\imsat Ub<>ratory : i:un>pean Space AgeiKy; Hughes Research 
LabtKalory ; Jet IVopulsion Laborator> ; lAKkheed Missiles and Spiux Com- 
pan\ . Inc.: NASA l^ngley Research C enter: NASA Uw is Research Center: 
NASA Marshall Sp;' 'ight Center: Rixrkuell International Cinporation; 
Solarex Ci^rpi^ratiiH »ectrolab Inc.: Spire Corporation; and Varian 
Associates 

l:\|XTinKMU operatic ^ uill be aulomaticalK timed by the bPDS cliKk, 
v^hich begnis uith an mit. *e command at LI)F:F dcploynurnl. Data will be 
recorded oikx each day when a maximum Sun angle less than 20' is reached. 
( I his uili be detennined by a iwo^axis Sun angle sensor, which detects the 
maxinuim cosine angle tor llie data periiniJ A scan of data w ill consist ot 
imiing. Sun sensor output. icm{vratures, six p^nni current voltage data t»f lf> 
siifarcclU. and short circuit currents ot 120 cells. Approximately I month 
pni»r lo planned relricval the 1. 1)1:1 . the cxperinwnt will he tenninaled. 



97 



Investigation of Critkal Surface Degradation Effects 
on Coatings and Solar Cells Developed in Germany 

(S1002) 

l.udwig Preuss 
Space Hi vision. Messerschmilt-BiVlkow-Blohm 
Munich, Federal Republic of Germany 

Background 

Varit>us ci>atinii> developed in Ihc FRG (i.e.. second-surface mirror, 
wilh incerfcrence HHers with and without conductive layers, conductive 
UxcTs on Milar cell covers, and selective abM>rbcr coatings) have been 
uualifietl bv accelerated tests under simulated space envinmment cimditumv 
Kxperinjcnls with ciwtings and solar tx-lls have shown, h^mever. that the 
ihemHi iiptiial behavior can differ considerably when pertimiK-d «n the 
gnnind anil in space because t»f the great dilTiculty in sinnilatmg the space 
envirtJnmcnt realistically 

Objectives 

The 4>h|cc!ivc of this expennK-nt is ti> qualify these oatings under 
realistic space environiiK-nt conditions in addition, the e^penment will 
nnnidc design criteria, techniques, and test ineth*Kls to insure c*.nirol ol the 
combined space and spacecraft environiiKnt effects, such as contamination, 
ck-ctncal conductance, and optical degradation, on the cuatings. 

Appniach 

I igurcs 4^ and 4.^ show ihc ex|>eriment arrangement and electmnics 
blcKk diagram, and table 10 lists the samples lo be invesligatc|d Test samples 
will be installed in an experiment exp»»sure contn>l canister (bhC C ) and on a 
cover sheet near the upper surlace of the 6-in.-deep penpheral tray inc 
samples in the canister will be exp*>sed imly to the space ami spacecral 
envirtmmeni because the canister will be i>pened after LDFFdcpU^yment and 
closed prior lo l.DKI- retrieval ITie iither samples will be expi»sed lo the 
ciMiiplete missum envinmiiK-nt Data to be measuanl include the temperature 
of the samples, the eUvtrical resistance of the conductive layers of the 
samples, the short circuit cunvnt *»f the s4»lar-cell uhkIuIcs . and the ilepin.itu.n 
of contaminants on the samples (using quart/ crystal microbalances 

^flic data will be iikrasured according ti> a defined tinK- program and will 
be amplif ied, digitized, and siorcil an a data recorder. After the reluni ot the 
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LDEF Mission ! Experiments 



Cover sheet 



Passive detecton» 
(A0187-2> 



Active test 
samples 




Cable to 
initfate plug 



Cable to 
initiate plug 



Batteries \^ Te5^r>«ug 
ifistrumentatic>n plug 

Figure 4:!, ~- f%pvnmcnt arrangement. 



Shttft-i iff tfff 

c urrt-ftf < ■ 

'v«fl<ir tHIf 

Mi f 



=0 



13 



Figure 4i.-^ [fectnfnics biixk diagram. 

expenmeni. the suvrcd data will be evaluate aknig with tl^ ilata fw attituife 
aiKl related Milar aspect angles to determine reliHiims between space C€vuli* 
ikms and suHkre effects m the te^il sampfefi. in acklitinn. contamfnath^n wilt 
be investigated by means oi inlhin.*d spectnisaipy , ami ihc electrical charac- 
teristics til the Milar evils will be cktermined. 
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Pimvr and Pn*imhhm 



10.— T»l ^mtfka To Be hivestig^ 



Components to be lOvestiRaU'd 



Setond-surfate mirror wrfth 

Ag refkKlor and Imwiel protertion layer on rear 

Interlerente iilter on front face 
Second-surface mirror with 

Ag reflector and Inconel protection layer on rear 

Interference filter on front face 

Popc>d ln..O, layer on interference filter 
C hromium black selective arfwortjc^rs 

^,^,.n »,»^l^ith dooed in A), layer on cwr glass 

Reference components 

surf^'e n;;rror with Ag reflector and Inconel protection layer on rear 
^"^atMrflrXirwith ^Ireflec^^ and Inconel pro.cciion layer on rear 
S(>lar-< ell tiKidulf ^ 
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Space Aging of Solkl Rocket Materials 
(P0005) 



Ix'on L. JoncN and R. B. Smaiicv. Jr 
Mivrfon-lliiokoi. Inc. 
Brigham Cily. Utah 

BackgnMind 

S»)lid-r»Kkct inoiijrs c»>niinuc u> be used exicnsivcl) in space appli- 
cuiums. and Julurc missions have been idenliUcd in which fhe swlid nH>tor 
nia> be sitwd in space tor an extended liiiie betoiv firing. This indicates a 
need lo gather direct infi>rmati»»n on the ef fects of extended storage of nvkct 
materials in the combined vacuum and fhemial cx>nditionN of space. Tests 
have been pert»)niied in high vacuum to determine »)Utgassing characteristics, 
but t»nl> limited testing ha.s been done m the effects of vacuum »»n the 
nKvhanical and ballistic properties of the materials themselves. M»»st vjicuum 
aging has been plagued by nwchanical problems and subsequent back con- 
laminalion ot the material samples. 

Objective 

IIk- itbjeciive »if this experimeni is to detennine the etlects »if K>ng-temi 
orbital cx|i»»sure on the materials used in .s*>lid-nH:ket space num>rs. Spetitl- 
call>. siruciural materials and propellants fmm the SIAK/PAVi-l) .series 
nuiuirs and the PAM On IPSM-II nK»t»trs will be tested, as well as advanced 
c»)mpi»sile case and nozzle materials pianiKul for f uture use. 

Appmai-h 

I he experimeni appni^ch is to expi>se samples of solid riKkei pn>pel- 
lanc. liner, insulatitm. case, and mizzle .specinK'ns to the space envin>nment 
and U) c»)iiipare pretlighi and postflight nieasuivmcnts of variinis mechanical . 
chi-mical. and ballistic pr»iperties lo determine the effects of long tenn »»rbital 
exposure A parallel pr»)gram will be conducted tMi ground storage san 
thus the data will be applicable »>n a generic basis as well as t»> the sp t, 
materials being tested. 

I igure 44 shows a view »»f ihe IPSM II space ffUMw w ith siime of the 
sample materials idcniified. Table 1 1 lists the STAR materials and the tests t») 
be performed These materials will be packaged within a 5- by 6,5- by 
1 1.5 in. aiuinmum container and attached to an interior plate on the LDHF 
center ring ITk- container w ill be Hushed with dr> nitnigen and sealed bef»m: 
installaiiofi nn ihc I .Dl-f An air-pressure-ailivated valve has been designed 
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Pmtrr and PrtpputsUm 



Ca^ (Kevlar-epoicy) 

insulation (EPOM rubber) 
Case-infiuUtian interface 
Skirt (glass-epoxy) 

Shear ply (case, 
NBR rubber, skirt) 



^4ozzle throat 

(three-dimensional larbcin) 




ProfK*iiant 



Igniter luHising 

Igniter-propfHant 
tnterfiU V 



Propi'llanf-liner- 
msiilatiiin intortatc 



Extendabk* exit cone 
(tnwxJimenskinal carbon) 



h^ufv 44 Skvti h at inSM II n otor shmvtnti vxamplvs af s,mi/)/rs 

to vent the btix when it is subjcvtcd to ptvssurv Krlow<),2 atnh leavinji Ihc hc^x 
open to the vacuum. On aH^-ntcrinj!. the valve will close ai 0 5 atni external 
pressure 
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iJ)l:F Mission I F.xiHrinwnts 
Table 1 K— Saltd4hKlirt MaterUk ' 



Miih,inicalpr<i£K»rtii»s: tensiks relavatiofi jjytiamic 

Prc>peiiant materials: Himie maU>rials: 
IPSM-II PAM-DII CarbiMvcarlMin 
j SI AK PA\M) Siiw a-phonolii 

CartK>n-phi»nc)lk 

Insulation: Casc> maU-rials: 
{PmirubU-r Kc*vlar-t'poxv 
NBR rubtHT (•raphiti»-efK)xv 
; Cfla^s-i^iJij;^ 

lnU'rlaci» strfnt^th. U»nsilt\ JKH»I, conslani load 

lUdniumHnsulation Qass-insulafion 
krvlar-insulation ThriH* prcifMHiants-insutafum 
Ciraf>hifr-insula|jim igniter housing-prc^pdlanl 
Kovlar NBK-ijIass 

Baiiisfic properjii^s: Inirnmg rate 

IPs\MI PAM-DII pr(>|K-lianf and igniter assembly 
slAK PA\M) profH'ilanI and igniter 
Horon pcitassium nitrate |H'iiefs 

*MI <M lh«* s.unpU'H vmII kn* siil^fit tinf f<> (i<'fi*rfninalu)fi <»l \vl•l^l1l loss wilh ^iffriul.inf 
( lu'ftitc .tl an.iK s(s 
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Intersteliar-Gas Experiment 
(A003S) 



IXm L. Lind 
NASA Lynikm B. Juhnsiin Space C'cnier 
HtHislon, Texas 

Johannes Geiss ami Frit/ Btihler 
Universiiy t»f Bern 
Bern. Switzerluml 



In the past. iIk* iihserved regularities In the abundance of elements and 
their is*«t»pes. upon which the theor>' of ntKrleiMynthesis rcsts, have been 
(thtained primurily fn>m solar system abundaiKes, in particular meteoritic. 
M»lar. terrcNlnal . and M)lar-wind data. However, this sample represents only a 
tiny fractK»n »»t the material of the universe. Thus, even a small sample of 
extra-st>lar-system iMHt>pes will give significant insight into the varitnis 
element building priKesses that have iKcurred in the^gtnal nucleosynthesis 
and those whivh have been going cnv in our galaxy. IstHopic analysis of tlnr 
noble-gas ..-omponem of the mtcrstellar gas will provide a significant new data 
MHirce and will compienwnt otter pn^nising techniques, such as miilimeter- 
wa\e. ct»smit -ray, and nucleur-gamma-ray astrnmnny. 



The pruiuiry objective of this experinKnt is to collect interstellar gas 
atoms m nu'tal foils at seVtral itvations around the Harth"s i>rbit. These 
particles arrive in tlK vicinity of the Earth as the neutral inler^tellar wind 
penetrates the helu»sf*ere and enters the region of the inner planets. The fl<w, 
pattern t»f the interstellar wind is controlled mainly by the gravitational 
attraL-tiiHi of the Sun. and its density is reduced through Ionization by solar 
phtHons and by charge exchange with tte st>lar-wind [Steles. ITie flux of tfw 
interstellar atoms that survive the upstream jounwy In ihe si>lar wiiu! is 
increased due tc» gravitational ftxrusing as they pass beycmd tte Sun, The 
angular distribution of these narticles is also significantly modified in tte 
gravitatKmal fcKUsing prwcss. Thus the density ami angular distritmtiim ol" 
the interstellar gas flux vary considerably at difl'erent points In the Earth's 
i»rtiit. In addition tc» these variations, the velocity of these particles as they 
impact Ihe spacecraft changes over a wide range as the wbiui motion of the 
Earth nuives seastmally first upstream, then cross stream, and finally down- 
.stream in the intersicliar wiiul. These seasimal variatitms amstitiqe the 
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sitiruiturc b\ which ihc intcrMclIar particles can be iJcnfiticd. H> collcciirtj! 
these particles at several liKations in ihe llarth s i^rhil. it w ill be fH>ssible m>t 
onl\ io achieve an in \ifu deteclu^n ol'ihc inlerstellar tias tor ihe tirsi linic. bui 
alsti to siuil> the d>fiainics of the intersfelUir >%inU as if tlims ihnni^h \\w 
hehosphere aiiJ inieracfs uith the solar piunon Hux and the solar wiiul In 
ailiiiliiiiK because the dynamics 4>t the interstellar wind depend on its densilv 
and veltKit) KMt^re enlcrinj! ihe helutsphere. il will be p^issihle Io investi}«ate 
ihcNC tliaiactensfics ni the inferslellar nuHliuni ^tutsidc the reiiion ot the stiku 
s\sK-in 

lhu>, the obicvhxes ol this c\|H*ri!iKMif are lo collcci and istMiipicalK 
anal\/e infei >tellar jias atoms aroumt ihc orbil o\ the r;mh fiir the purpose o! 
oblaiiitni! ncv\ dafa rclexani h> understanding! nucleosynthesis, and In study 
the dviianiKs ol the ifiterstellar umd inside the hehosphere and the is^nopic 
Ciiiiipitsifion i>! the tnierMellar nwdiuin outside the helit^sphere. 

Appritach 

Mic cxivrntien! hardware uilt act as a set ot Minple * cameras" uilh 
hiL'h putii\ kop(vr bL»r>llHini collewiinj! Ii>ils scninp as the 'film " <Sce Ik, 
45 I Ihc c\|vrnnertt luiusing will nuHint and thermally control the toils. 
cMablish the \ icw inu aneles and view me direction, provide bat tlinj! lo rejeci 
ambient neuiral panicles, prtivide a voltajie gnd to reject ionospfwrtc charj!cd 
particle^, scijuciKc collecting toils, CiHiirol e\|^vsure times, and protect the 
\ot\s tiom vitnianunalion during the deploynKnt and airieval of the lJ)hlv 
Alter K'lni' relumed lo l arth. the entrapped atom> can be anal>xed by mass 
sfvctiosci»p> lo determine Ihe relative abundaiwe ol the didercni is4H«>pes oi 
helium and neon An attempt will alvi be maile t4» defect arpon Af present, 
the noble eases are the mils sjveies lor which this nKrlluHi is sullieiently 
Neiisitixc 

rhee\|vriineiil will use tour trays, two 12 in. deep peripheral it a\s and 
two 11 m ileep end center fra\s. tm the sp;ice liicinu end ot the IJ)I J\ < )ne oi 
the |vnpheral fra> s will Ci>ntain only one canurra and the rc i ot the irays w ill 
eiinlain iwo cameras Ptiwer requiivments will be supplied by LiSO;* 
batteries. 



U^tJ Mission I Expi'rimaus 



Viewing angle: 
to 41 ^ 
trom toil centers 



High-voifage ion 
suppression grid 



First loliecfing foil 
(ex(K)sitJ and sfowtni) 



Set OfKi 
(olK*t ting 
foil — — — 



Meet run 

Mippres^iun grid , 




hfth (botfomi foii mounted to 
base plate (not shown) 



Neutral 
particle 
baffles 

^ — Highvdtage 
ion suppression 
grid 



Proteilive 
cover 
(open I 

Third 

ccHkxfing 

foil 



Fourth 
coHcHting 
toil 




hfiUff 41. lnUTsU'IUr'^.is mfH-nrnvtif 
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A High-Kesoliition StiMly of LItra- 
tivavy Cosmic-Ray Nuclei 
(A0I78) 

IVniN C) Sullixan. Ak\ Ihunipsiin. ami I'orniac i) ( cjllaij'h 
Dublin InMitulc tor Ad\anccil Studies 
Dublin, irciaiui 

V'ucnic IXwingo and Klaus IVtcr Wcn/cl 
i .ufii{vun Space Agcnk> . I S I K 
NiHirduiik. The Nctiicrlaiids 

Backgrwind 

I he nKMsuikMiicni tif ihc charge sjxvuum ul uliiahcavv ».4imuk lav 
iiUkltM i> of Mlal imjKirtantc in man> arca> ot as^iophNMo Such incaNinc 
mcnts arc relevant lo the sludx of the ongw and age ot comiiic ia\>. 
accelerant HI and |M4ipa|!alion mechanisnis. the pucleosyniheMs the heaw 
eleinenfs in our galaxv . and the >earch NUfviWa^A nuclei i/ I HM^ and 
nia> c\en lead io iniprtned nuclear mass l4«iuulas^-4^nd fvia ijA:*fjfy utw 
Urrmulas ti^r the heaviest nuclides. I Iw central theme oJ thTsTrpCi nncni is (lu- 
ulili/ation oi the LDli s larjze area tune tacfiH lo <ibtain a lai^c atul unilHtiu 
sample ol uiiiahea\> cosnnc ray nuclei in the iej^i*»n / 

Ohjeiiives 

I'he main t^biective of liw experiment is a delaiied suidv 41I the khaii'c 
spectra ultraheav v ctisimc ra\ nuclei from /inc i/. M)) uianiuni {/ 
92 J and bevcmd using S4>lid state track detectors S|vcial ein(>tuisis vmII K- 
placed on the relaihe abundances in the region Z ' b^S, which is ihnughi uy tv 
diiminafed by r pnvess nucleii^ynthesis Subsidiar> 4>b|ecti\es include the 
study ot the C4ismiC'ra> iransirtm spectrum and a Mrarch lor the fK^siuIaied 
long-lived sufvrliea\> (SHi nuclei (/ ■ I MM. such as noStI m the 
contemporary cosmic radiation. The motivation behind the si^ueh Un sujvi 
heavy nuclei is based on {H^edicted halt-li\ es that arc shint ctunpaa-d to the age 
ul the liarih but Uwig compared to the age t»t C4>snnc ra>s. I he detection i»l 
such nuclei ucmld have tar-reaehing consequences Un nuclear siruciuie 
thetHA . 

The sample 4>l ultrahea\> nuclen^btained in this experiment u ill provide 
unique 4>f^Hlunities tor many tests concerning element nucleosynthesis, 
eosmic-ray accelerati^wi. and Ci^smic ray propagaCi<in. I'4)r example, it the 
r process dtMninai km UwY. • 65 is ctHitlniwd. areiiabit: sinirce sjxvirum \\ tl\ 
provide details ui the nuclear en\ininment such as temperature and tunc 
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scale. This intomiation w-II be ot great iiiifHmaiicc to biilh aMruplnvks and 
nuclear physics. 

The relative ahundances ot cosmic-ray nuclei in the tcpon / - S2 will 
lead to a detemiination of the age ot ccKniic rays diavtly tnnn the decay 4>f a 
primary compimenl. in contrast to estimates based on. lor example. Be*'* or 

The LDl-l' expi>sure may provide a sulticientl: large sample of ac 
tinides to achieve this i>bjective- 

Injection ot cosmic-ray particles into the acccleraticm pnKcss may 
depend upim atomic pn»perties of the elements, such as the first iimi/aliiin 
poteniial. This experiment will help to establish the existence ol such 
mechanisms through their nuiduiation ot the ultraheavy charge spectrum. 

I*he cosmic-ray charge spectrum in the region 30 / ^ ft5. based on the 
statistics available to date, appears to be generally consistent with solar- 
s\stem material, llie situation is still uncertain, but it is hoped that a radical 
•inprovenKnt \%ill be achieved with the LDHF expi>sure. For example, it is 
very important to establish the roles played by the helium-burning sUm 
neutron -capture pnvess in massive stars and the expU>si\e carb^ni-burning 
pnKVss during supernova explosions. 

Since tlw LDbF 4»rbit inclination is expected to K* (2S k the 
ecomagneiiu cutolT w ill prevent direct measurement of the ultralK-avy energv 
>pectrum, Hi>wever, it is hoped that the slope of the cnerg> spectrum can be 
detennined fnmi an analysis of the abundance distributions ubiuit the maj4>r 
a^ts of the 1,1/5 F least-west effect). 

To su';.»Mi r/c. cinimie rays constitute a unique sanif ' j ot material fmm 
distant parts of our galaxy which still bears the imprint of the source a-gicm. 
The uhraheavy cosmic-ray ct>mpt>sition will |>ro\ide a great deal oi infor- 
mation abiHJt the evolution of matier in the universe. Iliis question is closely 
related to understanding the origins of the eleiiwnts in the S4>lar system 



A|H>roiHrh 

I hc experimental approach centers on the use of solid-state track 
detectors to identify charged cmniic-ray f^irticles. The basic ikMector com 
ponent is a thin sheet of polynwr plastic (typically 25() |Jim thick). Ilie 
determination of charge and vckKity depends on the mechanism by which 
C4>smic ray nuclei thai penetrate the plastic sIkxMs priHluce radiation damage 
ali>ng the particle trajectcHies, After exposure ami rcvovery , the ckfector 
sheets will be chemically prtKressed to nrveal the tracks prtxluced by the 
passage of heavily ioni/ing particles. Tth? effective amplification of a par- 
tide s radiation damage trail orsults from preferential chemical etching alimg 
IIS traiectiiry The rate of etching is a unique functicm of the particle's 
inni/ation. 
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fhc tlu\ of ultrahcavy cosmic-ray nuclei is extremely small (on the 
onkr of ! m ^ day * ), C onsequcntly , the basic expertmental af^^ach entails 
a larjEC area-iinK' factor e^^posun: coupled with stability in a general radiation 
environment and tlK ability to discriminate against th«! overwhelming back- 
ground of Umer charge compt>wnts. The main polynnrr plastic used t\w the 
track detectors in this experiment w ill be Ixxan polycarbi>nate*. which has a 
registration threshold given by Z/fJ ^ 56, It is this tha^shold pn>perty that 
enables the Lexan to iMfiate individual ultraheavy nuclei in a very high flux 
environment of lower charge nuclei. 

A new polymer track detects, based on ( R 39. is being developed for 
inclusuni in the I JM.h experiment, hs pa*dominant characteristic is a very 
low iha»shold(/ MM and it potentially has very high reMilvingptmer, By 
using ( R » cimiplement the U*xan, it w ill be pi>ssible to study relativistic 
nuclei m the lower charge ivgions, down to inm and below, 

llic nuclear track detecti>rs. with lead foil energy degriklers. will be 
ass^'mblcd in slacks that will be nH>unteil in aluminum cylinders designed fi» 
fit mio I J! HI deep peripheral trays. Thav cylinders, each containing four 
stacks, will tx- placcil parallel to the x axis nf each tray. (Sec lig. 46 J The 
cNhndcrs are approximately 46 in. long and approximately M) in, in dianv 
ctet. and ha\c a wall thickness of approximately 0.5 g cm\ I he stacks will 
ha\c a thickness of approximately 4 g cm ' and will be nuiunted parallel to the 
irav base and placed symmetrically abi>ut the main axis of each cylinder using 
an Ixcoloam matrix. 

Ilic Iravs will be thermally decoupled from the IJ)J:K frauK* and uill 
carrv ihernial covers flush with their iniicr rims Sixteen trays will be 
cinplinL^ii l !i!ure 47 shows a phtMograph of 4Hie of the cra\s 
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Heavy Ions in Space 
(MOOOl) 



m 



Janurs H Adaim. Jr.. Kcin Silbcrbcrp. and C. U. Isao 
i.abt>rator> Un <.\»Mnic Ka> Physics. Naval Rest-arch LaKiratory 

Washifijilon. D C. 



Since 1^72. an anoniaUms llu^ t>l N. O. and Nc relative Co earKm has 
K-en observed in the energy region Irtmi 3 to KH) MeV/u Ik-cween M) and HK) 
MeV u. the abundance and energy spectrum of this llux arc ptH>rly known, 
and ab*>ve MK) MeV u they are completely unknown. A low -inclination orbit 
wt»uld be particularly suitable Un studying this conipi>ncnt because the 
getMuagnetic tield screens tiut the fully stripped cosmic-ray nuclei behm 22fH) 
MeV u Therelorc. the pivsent experiment permits a study of the newly 
tibserved nuclei in the unexplored region abt>ve l(K) MeV/u. which wea* 
' covered up ' by cosmic-ray nuclei in prcviiuis experiuK'nts. ITie stHiae of 
this ct>mpt»nent is unknow n but is believed to be of extrasolar lyrigin because 
oi the lack o\ a gradient away fnim the Sun. anticonvlation w ith the sunspol 
cycle, aniicorreiation w ith stilar { I MeV ) prison flux, and a CO ratio that is 
not tvpical <»f the M>lar abundances, it has bcvn proposed that if the origin of 
this conijioiK'ni is extras4>lar. th- nnist likely svj^rce is neutral interstellar gas 
that is lirst singly loni/ed by the M>lar wind and/or stilar ultraviolet radiatiim 
and then accelerated by tlK interplanetary solar plasma. Any knowledge of 
the mechanism bv which this component interacts with the stilar wind gives 
ini{iiHiant insight into these priK:esse> and the nature of the M>lar plasma. A 
question to he explored is whether the solar plasma beyiMul the tanh's i>rbil 
can accelerate particK s to energies greater than iV equivalent to HK) MeV/u 
If . on tiK* oilK*r hanu. the component is of M>lar tmgin. it winild be imist 
important to understand the pruHluction and acceleration nxrchanisms that are 
responsible 

I'he heav y nuclei provide a sensitive probe to test the origin of radiation 
belt particles. Two pmnresses contribute to the radiation belt narticles: neutiXNi 
decay, and injection and ItKal acceleration of solar-wind particles. Heavy 
nuclei pn»v ide a pun: sample of tlw second type. Hence, they permit us to 
determine to which energies solar-wind particles can be accelerated in the 
Hadh s field and the magneto tail, and to what extent this cimtriNitcs to the 
radiation Ml. l"he prvvious experinwnt on Skylab concerning heavy radi- 
ation belt nuclei did not permit a clear separation tmm the anomaUnis 
ct»mp»inent. The higher get>magnetic cutoff of a low-inclinatiim i»rbit would 
pn>vide a clear separatiiMi of these com|K>m.*nts. 

ITie impiMiancc of ultraheavy (UH) nuclei m-.'asuivments lies in the fact 
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thai these nuclei can he >yfithesi/ed only in \fxvial astrophysical Nettin|!s, 
ThuN. the charge speciruin in t^* UH a*gion reveals the character ot the 
MUtaes nwrc directly than is {H>Nsible from the charge spectrum of the lighter 
nuclei. In addition, the liH nuclei provide s^-nsitive indicators of the amount 
of interstellar propagation and the time of travel of the galactic riuiiation. 11k- 
prohiem in studying UH nuclei has been their exta*nHrly low I his is 
aggravated hy their shiHl interaction lengths, which lead to rapid abs4>rption in 
even a few grams per square centimeter of atmosphere. Fhey are hest 
i>bser\ed aK>ve the atmosphere with detectors t>f prodigious collecting 
pimer, 

I'ixisfing data on heavy ions in space have mostly cimw fann relatively 
snmil. eleciRHiie detectors e\pt>sed in satellites and shon-duration rocket 
flights. Iliis experiment will use a relatively new, independent technique 
(sensitive plastics) on a avi>verable, long-duration exposua** Ihis represents 
the first iipp«>rtunity for an experiment ot such large collecting pi>wer- 



lliis experiment will investigate tha*e components of heavy nuclei in 
space: (ha recently observed anomalous compi>rKnf of low-energy nuclei of 
N. (). and Ne« (2) the heavy nuclei in the Van Allen radiation belts; and ( 3) the 
UH nuclei (/ ^ 30) of the galactic radiation, 

1'he study of the ani>malous flux of N, (), and Ne nuclei in tlur 
uiKxplored energy a*giiHi above 100 MeV/u is expected ti> provide new 
insights into the Mniae of this component. Its observation in this experiment 
will confinn that these ions are singly charged. 

Know k^lge i>f the energy spectra of tlH? heavy nuclei 4ibserved in the Van 
Alien belts is expected to enhance the understanding of the iHigtn 4>f the belts 
le.g-, injeclion and liK'al acceleration processes). Ilie i^[>servation of these 
heavy ions Ci>uld show, for tl^ first time, that low-energy particles of 
extraterrestrial origin can diffuse to the innermost parts of the magmrtospbere. 
Measurenurnts of the UH component are expected to contribute infiHUialion 
a>nceming its souae. interstellar pa>pagation, and ttw galactic storage time. 



Ilic data will be obtained in a stack of passive particle track detectors 
(special etchabie plastic materials) to be exposed above the Barth*s atmo- 
s)^*a' for 6 to 12 nKmths in a iow-fnclinatiim orbit « then recoveant and 
subsequently priKVssed under c^cmtmlled laboratory conditions. Measuar- 
inenis w ill be made of the composition and energy sf^tra of the low -energy 
nuclei ot (). and Ne and the l^avy nuclei in the Van Allen radiation belts 
and of the charge spectrum of the UH nuclei of tlur galactic radiation. Bach 
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dctcclor slack has a active area ot 12 in. by 14 in. hight detecCor slacks arc 
requin-d Uh a collcciing power of 776 nr'-sr-days lor a I year c>i{h>suiv. llach 
slack c<»nsisi> of two parts, one ft>r Urn -energy ions and one ft>r ct»smic rays. 
Ihc pt>rtion devoted lo cosmic rays is in a sealed ct»ntainer, and the smaller 
piirtitm dcv<»ted to low energy u>ns is placed (in a vacuum! on u»p t)f the 
sealed container (fig. 4X) 

Radiation damage is induced in inost solids along the path <»f a charged 
particle and is a functitm of the primary it>ni/aiion rate. Kor plastic materials, 
after apprtipriate prtvessing (etching), the path, or "track", is visually 
t>bse!vable (under a microsctipe) as an etched cone. ITie diffeivni plastics 
hav c Iheir ou n thashi»ld for track recording IVse aa* related lo the charge of 
(he penetrating panicle, thai is. for each charge (i.e.. each atomic nucleus), 
one can plot fhe primary itmi/atit>n rate as a function of velcxrily. ITius. for 
example. t>\ygcn nuclei will mH register in a lArxan detecUir until they have 
slowed down io |i () 12. after which the remainder of the track will K* 
cichabic [ he delecUir must then be designed it) bring oxygen nuclei to rest 
with a minimuin prtibabiliiy of nuclear interaction VH nuclei will leave 
elchabic tracks i»ver a mucli larger fraction <»f their range. 

The ihickncss t)f the detector is approximately 10 g/cm'. Hiis is neces 
sary to bring lo rest oxygen nuclei up to appniximately 240 MeV'/u. Ihe 
stacks ctinsisc o( sheets of (rack detecting plastic. Lexan w ill be used for Ihe 
low energy slacks, and the cosmic ray stacks will consist primarily of C'R-.W 
I hc deiecior si.ieks are conipleiely passive, even Icmperature and pressure are 
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iiHmiUirvd b> passive iechnic|UCN. Atlcr recover). priKvssmg and iraek 
iiKUsurcnienls will be Uoik at the Naval Research l^horatitry . 

(Tiarge estimates aa' based *hi etch C4>mr nKrasurenwnts. (ITur etching 
rale is calibrated as a function of the loni/aiion ikrnsity . ) The charge resulu- 
l!t>n iKhievable with is appn^ximately (J, 35 lor nuclei at / 2f>, 

( aiibrafions uill ^ • carried out with lahHH^tor\^ beams of heavy ions. 

It is apparent from existing iiU!asuaMtK*nts oi the energy spectra of the 
various C4>inpiHients at an orbit of 28" and from those tnifside the mag- 
neiosphca* that if the anomaliuis compomrnt is obser\ablc (at the 2S orbit K 
then it should be cicarlv a'S4>lved fn>m bi^h \hc radiation bell ami the galactic 
nuclei al kinetic energies ot l(K) to 2(K) MeV u. 
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[.Proton Energy Spectrum Determination 
(MOOOM) 



Iredcnck J. Rich and Irving Michael 
Air Hoae Cie4>phy!«ics UKwaUwy 
Hanscoin Air Fi>rce Base. Massachusclls 

Cierald J. I-ishman 
NASA (kwge C. Marshall Space Flight Center 
Huntsville. Alabama 

Paul L. Segalyn 
Army Materials and Mechanics Reseaah C enter 
Watertown. Massachusetts 

Ptter J. McNulty 
C'lariMm College of Technology 
piHsdam. New York 

Y. V. 
Kmmanuei College 
BostiMi. Massachusetts 

Christ»»f^*r H. Uird 
i:astem Kentucky Univcrsit> 
Richnwnd. Kentucks 



BuckgrouiMl 

The purp«>NC of this experiment is to quamiiy tlw flux 
cncriiics tircaicr than 1 McV. I1ie main experiment is sponscwd by the Air 
l orcc Cic;>phvsics laboratory for the purp»»se of measuring the energetic 
purtons traiV'd in the l-:arth s magnetic tkld A series of suK-xpennurnts arc 
iiKludcd which have diffcnrnt but related goals. 

Objective 

ITie obiettive o( this experiment is to measure the tlux and energy 
spectrum of p^Mms with energies of I to 10 MeV. These pnrtcms^are trailed 
on the luirth's magnetic Held lines as part of the inner radmtuMi belu or Van 
Allen /one. The prtmm will be encountered predtmunantly in the btnitn 
Atlantic ammwly at a W pitch angle. 
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Approach 

'I"he cxpcrinK'nt consists of 1 8 Macks of passive plaslic dctecum. (CR-3*) ) 
arranged in portitMis of three l.DKF irays. (See fig. 49. ) Ilie stacks are 1 .49 




l>et«H,1or 
package 



Metal 
samples 



W Trays D3 amJ D9. 



Metal samples 




container 



(b) Tray G12. 

hf-urv -W. - Irapped'proton energy spectrum determinafkm expenmcnt. 
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in Nuuaic and in high. They arc mtHinled in ctmlainers on a plate 
arranged in ihc frays u> be ntirmal to the Karth\ magnetic field in the Sinith 
Atlantic amimalv (SAA) The Ixmom half of c ich stack is composed of 
without IX)P and is 0.022 in. thick. TTie next 40 percent of the stack is 
CR-.W with IX)P and is 0.022 in thick. The top 10 percent of the stack is 
CR- W with CM PC' and is 0.01 1 in. thick. The stack is open to the vacuum o! 
space. Ihc !i>p layer of plastic is directly exposed to space. A sheet oi 
aluminum O.0t)l in. thick separates each layer of plastic. Five of each six 
stacks are perpendicular to the magnetic field in the Smith Atlantic anomaly. 

ITie three stacks of nhJtal squares and the micn)spherc container which 
are visible in figure 49 are used in the three subexpcriments described here 

Neutr»»n and l>r»rton Activation on LDHI- <NASA Marshall Space Might 
C enter ami luistem Kentucky University) 

Radiinictivity induced by protons and neutrons in the LDKF orbit will be 
dclcnniiied by expensing metal samples to the ambient flux through the 
mission duration and measuring resulting gamma ray activatiiMi spectra in a 
low- level ciHinting facility after recovery. In low Barth i>rbit. the mam 
sources oi activatiim will be primary cosmic rays, SAA protons, secondary 
neutn»ns. and atmmpheric albedo neutmns Induced radioactivity will be a 
major s»»urce of backgiound radiation fi»r certain classes of Shuttle-launched 
cxperinK-nts A quantitative determination of this activatitw during an early 
Shuttle mission is imptwtant to assess this source of backgnnmd radiatitm. 
ITic iiK-ial samples that werc chi>sen fw flight have unique nuclear pri>perties 
that make them suitable fi>r these activation studies. One property is the 
relatively high pn>bability that the sample will bectwK radioactive following 
riK- passage of a neutnm or prottm. In additiim, the sample will retain a 
iiK-asurable anwHint of radit>acfivity upm its return. 

Microsphere Dosimetry (Clarksiw College of Tcchnt>logy) 

C ontaiiK-rs of small micn>spheres flown on LDliF will be used to record 
the energy dept>sited in volume elements with microscopic dimensions as a 
result of exposure to the natural radiatiim cnvinmment of space. The single- 
event upset phenomemi and hard em»rs in microclectr»mics. as well as the 
radiitbiological effcvts in man. result from itwi/ations generated within 
sensitive volumes that have micn>scopic dimensions. Standard dosimetiy 
iiK-asurements of the radiation environment of space arc carried out using 
macrosciipii sensitive volumes. Even a relatively small macn>sci»pic d*>se can 
inclutle order of-niagnitude differc-nces in the number of ionizatwns in 
micri>scopic volume elements. Micnisphcrcs of diflerent compi>sition ami 
diameter will be flown under identical cw^itions. ThernK»luminesccm do- 
simeters { I Ll> s» will be included to measurc* the macn»sc»pic dt>se received 
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by each sample, fhysicai pri»pcrtie.N o( the micixisphca-N. such as chances in 
UianKMcr atler a periiHl of posttlight etching. be measured to determine 
the dt»e received by each micrt)spherc. 

Hux Meusua'ment by Ion Trapping (Anny Materials and Mechanics Re 
search Center) 

Concentralitm protlles will be measuani. primarily by secondary ion 
mass spcX'ta)Si.-opy and RutherfcHxl backscatterint!. tor a wide variety of ions 
at dit'f'erenf places tin a scries ot metal plates directly cxposc*d to space. The 
area under a profile and tlw pn>tlle shape give tlnr tt>tal Hux and energy 
distribution inttimiation. Sample materials include fused quart/ (SiO,). 
aluminum oxide (Al aluminum, copper, silicon, tantalum, tungsten, and 
zirconium. 
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Meaiiurenient of Heavy Cosmk-Ray Nuclei on LDKF 

(M000^2) 

Kudolf Bcaujcan. Wolfgang hngc. and Cicorg Siegnuw 
Insiiiuu- Un Wire and Applied Nuclear l»h>NitN. Univcrsiiy ot Kiel 
Kiel, l eueral Republic o! CJeniiany 

B«i'kf;ruund 

t he Uwg duration High* on l.lMiF will provide the opptiriunity lo colled 
a reavmable number of heavy coNniic ray nuclei A knowledge ol the 
abundance of ihese nuclei is CNseniial lo any ihetir> on {he MUircc. acceler- 
ation. pu>pagatinn. confinenw H. anO age of ctisniic ray>. 

'nie«»b|ecti\e ot thise\perinK*nt isto njcaNure the eleuKMital and istHi»pic 
abinidanceN ol heav v coNniic-ray nuclei with nuclear charge / equal to or 
grealei than . I he chemical and energy spectra w ill be nK-asured lor particles 
that have energies in the range tront 20 lo l(KK» MeV per atomic mass unit. 
I w»» p«»mts of great interest are "getMnagnetically forbidden * cosmic-iav 
particles and hea\> it»ns oj the trapped radiation 

ApfmiiMrb 

I he expernnent is passive and »K:cupics i»ne-si\lh ol a in. deep 
pt.ri|>lieral ira> with several other experiments, llie experinKnl package 
consists ot visual track detectors that remain sensitive thnnightiui the LDI-I- 
mission. ( See lig. 5(>. ) I'he scientitW data are stored in latent tracks and can be 
revealed in the investigator s labi»rator> after recovery 

I hc detector slack consists of approximaiel> (♦.5 g cm ' of C R W plastic 
visual track detector sheets that have a well-established resptmse. Ihe 
tieieclor stin k is hiHised in an aluminum etmiainer that pmvides structural 
support and th«.-nnal ci»nlact t»» the IMiV Miiieture I'he tirp of the tleleetor 
stiK-k is covered by thin coated foils that provide thermal shielding and 
decoupling from deep space. 

Heavy ions stopping in iW passing thnnigh the plastic sheets of the stack 
produce latent tracks that can he ivvealed by chemical etching in the lab»>rjli>- 
ry I urther analysis can be perfimiwd under i^ieal and eleetnMi mien»sei^*s 
hy nwasunng the shape and length of the etched eones. ITiese parameters 
depend stnmgly im the energy U^s aU>ng the trajectory of the incoming 
particle I'he dtiennination of nuclear charge and mass is ^ased on the cone 
length versus ivsidual range nKthod. HaMic track dcteettws have registratitm 
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threstufldH {haf inakc the (ktecu>r iiyHtem alnuiHt iiiNeniiitive to electmns and 
pnHim» excqn itt low energies; theretore. they do mH pixHiuce a disturbing 
iwckgriHind. 
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(a) Image* of heavy nudei impacts in p(a!>tic track 
dt'ttHlofN alter etihing. (Not to stale ) 



I>ele< tor stac k (C:R-»> 

Thermal toils 




{b) Tray configuration. 
hffurt' W —Heavy CitimK-ny nuclei experiment configuration. 
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Linear Energy Trander Spectrum Measurement 

Experiment 
(P0006) 



Hupene V. Benton 
Universiiy ot San FrdnciM.o 
San Francisco, C alifornia 

ITiomas A Pamell 
NASA (Woriie C Marshal! Space Fliuhl C'ciwcr 
Munlsvillc. Alabama 

Background 

The linear energv transfer (LET) is the energy dept>siteU per unit path 
lenulh oi a charged particle traversing matter. For eMiniaiing the rate ol 
damage fmni single-hit phcmimena. the quantity ihat best ciMubmes the 
radiation en v inmment. *»rbital situation, and spacecraft shielding is the Imcai 
energy transfer (l.FT) spectrum at the device ItKation. hi date, l.l- 1 s|H.-ctra 
iiwasuremenis have N^en severely limited by statistics due \o the short nature 
of STS missums. The designers oi future Umg-life spacecralt such as a space 
statitm need Lh l spectra measurennrnts ft»r expo^iures of I year oi nu»re to 
establish shieUling requia'ments and to select materials and devices ihai 
ntrt be adversely affected in space during the required operation htc 

Objectives 

This cxpenntent will measure the KhT spectrum behind different shield 
ing conliguratitms lor approximately I year The shielding \* ill be incrcused 
in increments t»f appit>ximately I g/cm' up to a maximum shielding ol \(i 
g/cm- . In addititm to pnniding critical information future spacecralt 
designers, these nR-asurements will also pn»vide data thA>+ll be extrcmclv 
valuable tt> other experiments iMi LDFF. 

Approach 

A C4»nibinatii)n of thermal luminescence and track type detcct<»rs uill be 
used to measure the LFri". Aluminum will be used for the shielding I he 
passive ileteiti>rs and shielding material will be placed in the canister sho\*» 
in ngure 5 1 The canister with detectt>rs will be sealed with approximately I 
atin internal pa-ssurc. Vmtw\ detectors identical Ut th4»se to be flown will be 
used tt» establish the terrestrial background radiation u> which the flight 
deiectitfs aie expi»sed prior to launch and after recovery. 
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Multipk-FoU MkitNibrasion Package 
(A0023) 



J. A. M. NkDfnncll. I). Ci. Ashworlh. W C Carcv. R. P Muvill 

ami k. C JcnniMm 
I'nivcrsiiy of Kent 
C antcrbujA. Kent. United KinjidtMn 

Background 

A number ot ilie early hxpltwr satellite>, the Ariel II. and three PejiasuN 
Natelli{e> njeasured nietetm>id penetrations in near-Harlh >paee. Ihese in 
space penetrafitm nieasurementN. in addiiii»n tt» prt>vidinj! spaeeeratt design 
data. \^ere used with existing gnmnd-based radar and visual metetM" data t«i 
extern! si/e estimaies ot the near-barth nieleoroid envirtmnient lo particles as 
Miiall as appn»xiiiialel> 10 

Other earl> I - S. and Russian spacecraft used inicmphtme type nKrtet>r- 
oid delecti)i> I'i measure snwll-particle impact fluxes. The microphtme data 
uidicatetl a small-particle population much greater than that indicated by the 
|x-nelra!u*n nieasureinents. The inicn>ph*>ne data were, in fact. inteq>reted by 
MMiie tt> indicale a dust bell around the I:anh. 

Ditticiilties in simulating nK'ieon>id impacts in tlw labi>raiory created a 
number »>l uncertainties in interpaMing biHh tlK* micn>phone and penetrain»n 
carlx nieasuieiiK-nts in terms o( the near-Barth nie!et)roid envirtmnient. 

Data on the near-hartiujieteiiroid enviitmnK'nt have also resulted lri>m 
analvMN ot the lunar- material "^mples t>b(ained during the Ap*)llo Pn>gram. 
Ihc analvM> oi craters t>n the lunar material in terms ot the metcnmud 
envirt>nment is limited by the tacts that the craters tKCurred over a very U>ng 
piri»Kl o\ lime i lt>' to l(V' years) and the exact^xp»>sure time is uncertam. 

l aking adN antage ot the mm recoverable arid improved very sensitive 
ilim toil penetration detectors, this experiment will nuke a substantial step 
tiiwaul the eliminalitm oi a number ot the remaining uncertainties in the 
CNfimato ot the near Larth micn>nK-tetHX>id environment. In a very cost- 
ettcctiNc uay. the experiim*nt will pnnide both design data regarding the 
er4>Mon of spaeeeratt by micn){ianiclcs and data t>n the m*ar-barth micn>- 
meleoroid environmcnj 

Objectives 

The spi-citic scientific i»b|ectives ot this experiment are tt» nwasure the 
spatial distnbutMin. si/e. veltK-ity. radiance, and composition t>l micn>- 
partictes m near-barih sp;ice Fhe techm>U)gical t>bjectivcs are to measure 
en»Mon rates resulting tn>m micn>particle impiicts and to evaluate thin-fi>il 

117 



.ERIC 



124 



IJ)t!F WmiV>w / Fxptrimenis 

iwlcor "bumpers. " I he combinations of sensitivity and reliability in this 
experiment will provide up to HUH) impacts per month for laboratory analysis 
and will extend current sensitivity limits by 5 orders of magnitude in mass. 

AppnMKrh 

llie experiment approach utilizes the well-established technique of 
thin-foil hypervcltK-ity penetration supported by extensive investigations ami 
calibrated in labtYratory simulatiim to a high precisiim. Several of the different 
clas>es c»f impact events anticipated on encounter with such a thin-foil array 
are illustrated in t igurc 52. This range of clas.ses indicates the potency of this 
technique compared to simple poiisl^d plates or single-foil penetraticms. 
Deployment of such thin-foil detectors aiuund LDBF will measure tYx spatial 
aniMHnipy of the impact tlux. Micn^imbe analysis of penetraticHi and spalla- 
tion areas after recovery will determine ti^ particle elemental composition. 

The detector design utilizes rolled aluminum foil tk>wn to a thickness of 
1.5 (xm (fig. 53). Bonding to etched grid supports i»:hieves very rugged 
structures capable of withstanding vibrational levels and atmospheric pres- 
sure gradients typical of the LDHF-Shuttle environment. 

The experiment will be IiHrated in one-third of each of four 3-in.-deep 
trays Itvated al 90' intervals around the LDEF periphery and in about 
two-thirds of a 3~in.-dcep end comer tray on the space-facing end of the 
lJ)i:i 
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(a) C'dst* 1— voliK- 
ity. k)w; mass: 
much greater than 
critical; informa- 
ticin: radiance, 
mass, approximate 
vel<K ity, lomposi- 
turn I including re- 
tt*nti()n ci< particle 
entity}. 



(b) Can* 2" vcIck - 
ity; high: mass: 
cntical; informa- 
tion: partial radi- 
ance. mas!> and 
velocity (m' * v*^ * 
dependence), com- 
positicHi (residual 
traces, 5 percent). 



(c) Case i— veltx - 
ity: high; mass: 
much greater than 
critical; informa- 
tion: radiance, 
mas*, velocity, 
composition (re- 
sidual traces, 1 to 
S percent). 
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lunar capacitor data ^ ^ Region to be investigated 

/ by microabrasion experiment 

>^Near-farth 
impact flux, per 
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study of Meteoniid Impact Craters on Various Materials 

(A0158-1) 



J C. Mandcvillc 
Ct:RI7()NBRA-l)i:RTS 
Toulouse. France 

Background 

Intcrplanctar> duM particles (niicninielcMn»id>) are cxp«,icd to form 
ucll dcllned cralen, upon impacling exptmrd inalerial in space. Studying the 
ta*quency and tealurcs ot these craters will prtnide data on the mass-tlux 
discribution ot niicmmeteoaMds and. to a lesser extent, on the veliKity 
magnitude and direction. Limited crater studies have hecn diwe in the past 
Milh materials retrieved alter exptwure in space on Sur\'eyt»r 3. Aptillo 4 and 
1 1 . (Jenuni 10 and 1 1 , and Skylab. However, little has b»:en learned regardmg 
the c*mip»Kiiii»n of impacting particles. This experiment will Uktus on the 
determination of the conip4>sition of meteoroid material residues inside 
craters. 

Objirtiives 

rhise\{vriment w ill study impact craters prcxluced by microiiKteiMioids 
on selected nuiterials (metals and glasses in the ft»rm of thick targets I to i>htain 
valuable techmilogical and scientific data. SpecilKally, the studies will Ukus 
on detenmnmu micrtimeletmiid conipt>sitii»n and mass-flux distribution. 
.•\nal\scs will also be made i»n the distribution tif impact veliKity vectors 

ApprtMch 

High veitK-ity impact effects on vamms materials have been studic-d 
extcnsiveiN in the labt>rdtory . It is, however, impi>ssible toi>htain veliKities 
higher than 7 to S knt/sec with relatively large particles ( > 10 ' g). 11k LDhF 
can provide a unique oppi^rtunity to expt>se large-aiva targets for an exten- 
sive period of time and to recover them tw subsequent analysis. Selected 
materials that act as impact detectors will be exposed to spatx*. Iliis nK'th<Hl is 
entirely passive and ciMisists of thick targets (etMnparcd to the diniensiims ot 
expected particles) of puiv metals and glass. Ilie collecting area I - 75()cnr ) is 
expected to rect»id. with a high pr»ibability, impacts of micnmietetwids with 
ainasMnlherangeof 10 "to 10 tcorrcspiHidingtoO.2- to 35-jim particle 
diameters). Ilie experiment is accommodated on an aluminum nHHinting 
plate t420 bv 400 mm) liKated in i>ne-sixlh of a 12-in.-dcep peripheral tray 
that contains nine mhcr experiments from France. (See figs. 1 2 and 54. ) Two 
types of san.ples will be used (table 12). Type I will be metallic surfaces ( 100 

12! 
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by KHI nun I halted to an aluminum nKHinting piatc (6 samples). I ypc 11 will 
be glass samples (25 mm in diameter) Kilted to an aluminum nuninting plate 
(27 samples), A set of similar samples will remain in the iaK>ratt>ry fi>r 
subsequent aimparison with space exp^ised samples. A set of samples will 
also he retained to pert'omi tests with a hyperveUKity acceleratw. 

I he tirst task after experinwnt retrieval will be a caaMui scanning i)t 
e\|H»sed material to search Uh imfKict micnKraters, Usually, high-vekHrity 
craters prcnluccd in metals and in brittle maleriais have a distiiKtive nuir- 




h^uft' AnMifivmvnt of metaimfd impact iargf^ls. 
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pht^logv and can he diMinguished easily Inmi iHhcr surface tcatuas. An 
tMHical'micniNCopc will be used lo identify craters larger than abtnit 10 \tm. 
and such a crater is eJipected every 2 to 3 cnrV The density ot micnmKter- 
si/ed craters will be higher {I to H) per cm'), but the necesNar> use ot a 
scanning electmn niicn>scope (SKM) with mm magnification will hmtt the 
aa*a to be scanned. (See table 13 J 

Measurcnients made on craters will include dianuMer and depth mea- 
surements that, by comparistm with experimental results, will give the mass 
and density of impacting particles. VckKity can be estimated twm the 
iiH>rph«>Iogv of craters prtxluced »>n brittle materials Impact direction can be 
evaluated by the shape of the craters. There is a cU^se relationship betwvcn the 
tirculantv ot craters and the angle of impact. The relationship between flux 
and mass' will be derived from the area! density i>f mlcnKraters. 

Hor craters sht>w tng evidence of remnants of the pn>jc-ctile. chemical 
analysis will be made with X-ray micn>pn»be and urn or Auger microprt»be. If 
p<»s>ible. ait>mic abM>rption >pectn>photometry or neutron activation analysis 
will alM» be used 

Table 12.~t»perimipnt A0138-I Sample* 
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Attempt at Dust Miris CoNectkm 
With Stacked Detectors 
(A0158-2) 

J-C. Mandeville 
CERT/ONERA-DKRTS 
Toulouse, France 

BadigrouiNl 

Since the heginning of space exploration, a signiflcam amount of data 
has been gatheied on micnmieteorDids. Flux-mass relationships, velocities, 
and orbits of the panicles have been established with meteoroid impact and 
penetration detecton on satellites and space probes. Also, studies of impact 
craters on lunar samples and a few retrieved sample materials exposed to 
space have added data on micrometeorDids. However, these techniques have 
limitations that prevent the study of undisturbed particles. 

To study undisturbed particles, cosmic-dust collectors have been flown 
on balkxms and mckets, and mtne recently on high-altitude aircraft. These 
techniques for dust collection in the atmosphere arc limited because of short 
exposure times and uncertainty in the discrimination between cosmic-dust 
panicles and terresirial contaminants. 

Objective 

The primary objective of this experiment is to investigate the feasibility 
of future missions of multilayer thin-film detedtws acting as energy soners to 
c*ollect mitrometeirnHds, if mH in their c»iginal shape, at least as fragments 
suitable for chemical analysis. It is expected that this kind of panicle collector 
will help in solving one of the most puzzling topics in cosmic-dust studies: tN; 
mineraiogical and chemical compc»(ition of the piulicles. This is a matter of 
great interest in the study of the origin and evolution of the solar system. 

Approcb 

The experiment will consist of targets made of one or two thin metal foils 
placed in fnmt of a thicker plate. The maximum sample thickness of 1 25 ^lm 
has been chosen to fNvvent fin\ perforati<Ni by {^nicies with a nms in the 
range of 1 0 " g . A particle penetrating the foil undergoes cither a deceleratiim 
<»r a fragmentation, according to the thickness and ntfure of the foil. Thick- 
nesses cht».sen for this experiment range fnwi 0.75 to 5 |im of aluminum and 
are expected to slow down partMfles with diameters between I and 10 jun 
without u>mpletc destruction. 
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The experiment will incluUe 3 1 sampk-s witn a sampling surtace aiva o! 
24i»cm'. The sample!* will be mounted cm» a p|ate insiile one of the FRHtX)PA 
boxes in a l2-in.-ileep tray that attains nine tHher experiments fnMii France. 
(See ligs. 12 and 13. > The FRKa)PA b»»x will pit»vide pnHettuw for the 
fragile thin metal films before and after space expimirc. The description and 
list of samples arc given in table 14. All samples will be mounted within 
aluminum frames (AO by 40 mm or 30 by 30 mm) which will ht>ld the thick 
target and the thin foils in fnwt, (See fig. 55. > 

Measurcments after flight expi>sun: will be similar to th4>se descnbed tor 
experiment A0I3S-I . Hmphasis will be m the study of thin-film behavuw 
during the cratering pnvess and on the chemical analysis of pn>iectile 
remnants. 

Tabtc 14,— DmI Debm Targets 



f 



1)1 to m 

1)7, iW 



I 1 Itl I (> 

17. IK. 11 

tio, i li. fii 

I i { t(» i 1<« 
tr 



f IK 



fl'l 



Material _ 

Aluminum 
Aluminum 

Aluminum 
Aluminum 
Aluminum 

Aluminum 
Aluminum 
Aluminum 
Aluminum 

CkiIcI 
Aluminum 
Aluminum 
Aluminum 

Crf>ld 

c;«>id 

Aluminum 
Aluminum 
Aluminum 
Aluminum 
CU)l(i 

Aluminum 
Aluminum 



lhicknf«.s^furi 

lis 

2 
> 

I2S 
2 

12*5 

U.7S 
12S 

0.7?; 
ir» 
lis 

0.7S 
2 

lis 

121 
0.7S 
125 



J )inHMiMon , JPfP^ 
4U<-4(I 

40>4() 
4(1 > 4(1 
4(1 *4« 

40 > 4(1 
40*40 
40 >40 
U)> m 
M) « W 

ttl- to 
iOv «) 

U) ' iU 



Ul 

W 
Ul 



W 
W 
W 



10 > to 

«)' to 



LDEF Missitm I Experiments 




12ft 



133 



The Chemi^ of MiiTOiiietttMi^ 
(A0187-1) 

f'liedrkh Horz. David S McKay, and rx>nald A MorriM»n 
NASA Lyiukm B ki^nson Space Ccncer 
Hiwston, Texas 

tXtnald E. Bnwnlee 
University of Washingu>n 
Seattle. Washingttm 

Rt»beil M. Htnisley 
KiK-kwell Iniemalional Science Center 
ITiiHisand Oaks. Calift>mia 



B^k^round 

Ihc n,.ncraU.gy. petrography, and chemistry of both • primitive" and 
more evolved nKietirites recovered on Earth artr currently the subjects of 
mtense bb».ratorv studies. The purpose of these studies, in ^"S""^"*^";^**^ 
iHir knowledge of temrstrial and lunar pelrogenesis. is ti. estabhsh an obser- 
vational framework that can be used progressively to consiram and refine 
cosnKKhemical and nKchanical-dynamic mixkls of early s*>lar-system evolu- 
iionar> pr^KCsses. Such nunlelling attempts include the nature and kinetKs ol 
nebular condensation and fractionation, the accretion of solid matter into 
planets, the differentiation and crystal evolution ot pUinets. and the ro c c f 
collisi.mal pnK-esses in planetary formaliiW and surface evi>lutu>n. All oi 
these pnKe^ses are known to be highly complex. 

l ine-gmincd interplanetary particles {micrc»mete»iroidsM.f masses as 
little as 10 g arc. ht»wever. largely excluded from miKfcls of the early 
solar-svMcni evolution because their mineralogic. petiographic. and geo- 
chcniiJal nature is largely unkmmn. In ^"^^^P^"'-^- 
namKs. orbital parameters, and tc«al flux are reasonably -f" f^^^^^^. 
although still fragmentary in a quamitative sense According to currerU 
S dvnamical) hypcHheses. a majority of these »*jects are ^r^^ f^^^ 
Lki^ ITiis asscKiation alTcmIs a unique i^HHtumty to study early scrfar- 
sysieni pnKcsses at relatively large radial distances fn>m the Sun (greater than 
^;^^>x.ma,elv 2(» AU,. These cometaiy solids may «"«^^J. «^''r"'!„,"'^ 
2^L.rature conditions in the sitlar nebula which are ihM represcnurd by any o 
rtK prJsentlv kmmn meteorite classes, and IherefcHe n«y offer potential 
insight inttt the lt»rmation <»f comets themselves. 
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(M>jectlv«Hi 

prinw (ibjet tivc o\ this experiment is iti obtain chemicui analyses iif 
a siatisticaily sijinitieant nuinher of inieronK'teoroiUs. Iliese data will then he 
c«tiiipaa-ii « ith the ehomieal ctmipitsition of meteorites Scconilarv t>bjeetives 
of the experiment relate to density, shape, mass frequency, and absolute flux 
i»l niicnimefeonnds as deduced from detailed crater geonK'tries (depth, 
diaiiiefer. and plane shape > and number ot total events obser\ed. 

AppriKH'h 

I his i \{vrinK-nt is designed to eoHeci micnmieteonnd residue in and 
around inicroim'teonHd impact craters that are prcnluced by hyperveltHrity 
Ciillisions ot the natural panicles with high-purity targets. AfWr the return oV 
these targets, the micrometeornid residue will be chemically analyzed with a 
large atrav of sijte-<»t-the-art microanalytical ttnils (e.g.. eiectnm micrti- 
probe. scanning electron micn^scope with energy-dispersi\e analyser. Auger 
and I .SCA speclrosctipy. and i»m pnibe mass analyzer* in favorable cases, 
precision mass sjvctrometry may be possible I he experiment will involve 
b««h active and passive collection units 

.Active t nil 



Ihe pniKiples of the 'aiiiw " unit are destnbetl below (.See fig. 56 ) A 
clam shell concept allows tw<i sets of clam shells, housed in a l2-in.-decp 




/ i^uh' Vi •\f (1% r mn rtimrtcitfoid deteclor unit. 
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fKTiphcrul lra> . ui K* tipcncd and cU>scU. ITic ligurv shim> tMur m:i ot clam 
NhclK in Ihc Mtmcd ti c. . closed) nuHlc and Ihc irthcr sel in a dcpU»ycd iiuhIc 
l>uc lo the hi|ih Mrnsiliviiy t»l ihc niicrtwnalylical UHtl> and the cxuvtiich 
small masses t»l niicnmiclLH»roid residue lo be analysed ( U> u» W ' jiK the 
sumed cimftiiuralitMi >%ill im»leel the enlleciitr surtaces trt>ni paniculate 
etintaminanls during gnnind handlmg. launch, and IJ)I'> depU>>nieni and 
nrtrievai sequences. I he clam shells will he opened by a linurd sequencer 
M>nK* « days alter LDl-F depUwment and they will eli»se at a similar lime pruw 
to rediK-king tor retrieval ot 11k* basic ctMitaminatu>n barrier in a 

precisittn labyrinth seal. 

I he main colleclof surtaces are nwile nl W.W {vrceai puie jiold >hccts 
0.5 mm thick and ttrtaling M»me (I.K5 m - total surtace area. I wi> individual 
^o\d panels, each aK»ut 57 by 20. ft cm. will be fastened itieach clam shell trav 
lt»r a ttHal t»l seven panels. A high-quality surface finish w ill be trfMained by 
p*»lishing. acid etching, ami eleetn»plating. The space for the eighth paiu-l is 
taken up by a series of experimental ct»llectt»r materials (aKnit ft 5 bs 20 (> b> 
0.05 cm each) tor the puqxise t»f empincally detennining colleciit»ii et 
ficiency and or optimum chemical backgn»Und (i e.. signal to noise ratu» 
during the analytical phaseK These auxiliary surfaces consiM ot .\i Wi 
percent purei. Ii percent pure>. Be (vrceni puret. /.r s 

percent pureLl' <W.9*W percent pure). Kapttm (a pt>l\iniidei. and Ictlmi 
filters. There are three reastms tor selecting gtild as the main ci»lk». im surface 
Hrst. its behavitw under hyperveliKity impact ctwdilums is tcas4inabi\ wcU 
known, in ctmtrasi to that t»l stmie o\ the auxiliary surtaces. Second. g.»ld »s 
mrt an overly abundant constituent in iiK'letvites. and ihirtl. it is a highl> 
r.uitable substrate for many itf the microanaly tical lechniques conieiiiplateil 
I'or a mtKlel expi»sua' duratitw of ^ numths. a fairly well esiablislied mass 
frc*quency disiributitHi. and a ctmserxatively Um flux estimate ft«r micio 
metetmiids. the apprt»xinwie numbers ot micrmiK-teorite craters ex|vctcd »»ii 
the gt>ld ct»lleclt»r are as follows: }ft5 craters larger than 5 ^m. >2 ciaicis 
larger than U) jim. and *) crater^ larger than .50 M.m in diameter yuaniiiaiixe 
analysis is feasible only lor craicTs larger than 20 y.m in diameter (approxi 
nwtely 20 events), althtnigh an attempt will be made at qualilaii\e anahsfs ttf 
smaller craters. 

Pavsive I 'nil 

The experiment will use a ' passive ' eollecior unit thai tKcupics a 
.^-in.-dcvp peripheral tray. (See fig. 57. ) This unit will be covered by six Al 
IW.** pca-cnt puie) panek t47 by 41 by 0..^ cm eaeh). Iliese surfaces have ih» 
•special pr»HecliiMi against contamination because ihey are rigidly bj>lted onu^ 
a xtniclural framewt»rk which in lum is fastened to the LDlii- tray . If 
cnmammalkm is tM ttw significant, approximately am^her 25 evems larger 
than 20 jim in diameter will be available Urr anaiysiti. Funhcrmtwe. an 
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sKiditional gold surf^ (af^iximatcly 12 by 2.3 by O.OS cm) will be tlown 
inside the experiment exposure control canister used in LDEF experiment 
SOOlO (Hxposui^ of Spacecraft Co»ttngs) Un i^imum catibratto.. of gaseous 
and particubtte cootamicuttion. 





figure "jZ ■ PjssivL' micronwteoroid detector unit. 
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Chemical and Isotopk Meaairements of Mfcrometeoroids 
by Secondary Ion Mass Spectrometry 
(A0187-2) 

John M \oow\ Paiiick I) Suan. Robert M Walker, and Ixusi K /inner 
MclXnincll CVnfcr fur the Spaec Seicnces 
St. Louis, Missouri 

Dieter Bahr. Hu|!o Teehtip, and hi mar Jessberiier 
Max Planek Institute tor Nuclear Physics 
Heidelberg. Federal Republic ot Ciennanv 

I duard leenbergs. l!we Kuritmayr, and Heribert Kuc/cra 
Munich leehnical University 
Munich. Federal Republic of (lermany 

liiberhard Schneider 
hmst-Mach Institute 
I reihufi?. Federal Republic of (Jermanv 

Ni»rbert Pailer 
IXnnicr System Manutacfunnj: i o 
I iicdnch^hafen. f ederal Republic ot Cicnnan> 

Background 

In the past, the \fudy of interplanetary dust panicles has been restricted 
mainly to nR-asurenients ot their flux, mass and veliKity disinbution, and 
variatum with direction and s4)lar distance. CtK'mical and istH4»pic C4>m 
|>osUiiHKil intorniaium c<Hild be obtained fn>in the Brimnlee particles col 
lecfed in the upper atmosphere. Ihe launch ot LDFIF pr4>vides the first 
4>pjx>rtunny to ci^llect micmiiieteimMd material in space which then can be* 
subjected to is4>t4»pic analysis in the laboratory. Is4)t4)pic measurenKnts 4>f 
interplanetary dust are ga-at interest since at least part of the interplanetary 
dust is bc'liex ed t4> be derived fnnn C4»mets. Because C4iinets 4)riginate in the 
miter return oi the S4>lar system they pn>bably have never been subjected to 
mixinji ot material during ft>rmati4>n lyf ilu: solar system, and thus they might 
have preserved presolar is4«4>pie features. 

Interplanetary dust particles are difficult t4t C4)llect because 4if their high 
speed, V\Hm impact, much 4>f the particle mass is evapirated and ejected 
fnmi the target I his experiment utilizes a target C4n'ered with a thin Unl to 
trap the elected material 
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Objective 

The t)bjcctivo 4>t this c)tpcrinK-ni is to nwasuiv ihe chemical and isompie 
composition tit interplanetary dust panicles tit mass greater than H) j: for 
nuist ot the major elements expecteil to be present. 

Approach 

I he e\perinK-nt appniach utilizes a passive CJe target which is ctivea*d 
uith a thin nKMallimi plastic ftiil. 'I1ie ftMi is ctiated on the tmter (i.e.. space 
facing) surface with a Au Pd film tor thermal contrtil and tti pnitect the foil 
from ertisitm by attimic oxygen |mr>ent in the residual atmtisphere The inner 
surface tit the toil is ctiated with tantalum, which was selected in tirder to 
tiptimi/e the analysis of ptisitive sectmdary itms by secondary it>n mass 
spectmsctipy (SIMS). 

Xhc experiment tKcupies a 3-in -deep peripheral tray near the LDHF 
leading edge, tine-third tif a 6-in.-deep peripheral tray near the LDHF trailing 
edge, and twti-thirds tif a ft- in. deep peripheral tray tm the LDKF trailing 
etfge I igure 5S show s the one- third tray experiment hardware and illustrates 
the micrtimeteortiid detectitin principle An incoming metetirtiid penetrates 
the ftiil before striking the target plate Impact ejecta. ctmsisting tif a mixture 
tit target aikl projectile material in the ttirm tif fragments, melt, and vapor, are 
ctillected tin the underside t>f the film The deptisited interplanetary dust 
material can be anlay/i*d by a number of surf ace-sensitive techniques, among 
which SIMS IS tavtirvd because tif its high sc>nsitivi(y and its istittipic analysis 
capabiliiv Measurements are planned tif the ctmcentrations tif Na. Mg. Al. 
Si. S. K. C'a. f e. and Ni and tlnr istittipic ctimposititHis tif Mg. Si. C'a. and Fe 
(and pt»ssibl\ S and No from particles greater than 10 fim in dianK*ter. Ft»r an 
exptisurc of 1 2 nkinths. apprtiximateiy H) impacts t>f particles tif this si/e are 
cxpectetl ftii an area of I m ' About I m * w ill be exptised tm btith the leading 
and the trailing etige Ilw leading edge has the iKivantage tif receiving a higher 
flux because of the higher impact veltKity (apprtiximateiy 2()km'scc>. On the 
trailing etIge. impacts frtim terrestrial ctmtaminanls in tirbit are excluded. In 
addititin iti chemical ami istHtipic measurements, inftirmatuin tin particle 
mass. \cl<vify . and density can be tibtained fn»ni the- siuth tif (he hole si/e and 
crater m/c and mtr(iji;i|(jgy 
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Interplaiietary Dust Experiment 
(A0201) 



S. Fred Singer and Jcrfin B. Stanley 
University of Virginia 
Chaiiottesville, Virginia 

Philip C. Kas^L Jr. 
NASA Langiey Research Center 
Hampton* Virginia 

J. J. Wi>itnian 
North Can>lina State University 
Raleigh. North Carolina 

Background 

1 he study ot interplanetary dust htstwically has been plagued by the 
pmblem of low data rates ami therefwe statistically in^tequate data analyses < 
llie LDbF satellite will permit for the first time the flight of an experin^nt 
with a large effective area, yielding data with which excellent statistical 
conf idence can be ach^ved. AckJittcmally, it has been shown that a majiir 
S4>urce of the interplanetary micrcmietecm^id enviixHiment is comets. Con- 
firmattcm and exf^sicMi of tl^se results may give inq)ortant insiglu into the 
cometary phenomem>n. 

Objectives 

The objective of this experirmni is to sttuiy interplanetary dust, vari- 
ously retcnvd to as cosmic dust, ccnnetary dust, zodiacal dust, or meteoric 
dust panicles Specific objectives are to obtain infwmatii^ regarding particle 
mass and velcxrity, and to undertake correlative analyses with crther experi- 
ments, biHh on LDKF or near the time of ths LDEF flight. 

ApprMch 

The cxf^'hment will use n^tal-^xtde-silicon (MOS) C2^KK:itiN'-type 
impact sens4)rs with two different sensitivitks. The tcMal Ktive area of tt» 
experiment will be abwit 1 m^ . Sixty percent of the sensors will have an oxide 
thickness of (1.4 p.m, the higher sensitivity, and 40 percent will have a 
thickness of 1.0 )jun. 

llie experiment will be located in four kxrations s^mc^ at fXf intervals 
anHind the LDEF pertf^ry ami on tl^ Efarth-fmring and space-fiu:ing emis. 
(See fig. 59. ) Tray requirements inclucfe tme 6-in,-deep tray, oi^-third ei^ 
of three 3-in.Hieep trays, oi^ .Vin.^<feep etid cfNiier tray oit tl^ Earth-facing 
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end. and ab»wi one-ihind of a 3-in.-decp end comer tray on the space-facing 
end. A one-thini-tray kKation typically will contain 80 impact senM>rs and 1 
Sun sensor. 

Appn>xiniately every 2 htnirs. an experiment power and data system will 
record the status of ail senst>rs and the recent experin^nt activity, which will 
include the time of occurrence of each impact and the total number of impacts 
tor each sensitivity and tray kKation. The Sun senstws will be used to recwd 
tiK time fn>m the most recent crossing of the daik-to-light terminator. 

When the experiment is recovered, the recorded data and LDEF tracking 
data w ill be analyzed to determine the dust enciuintercd as a function of mass, 
time, and veUxrity direction in gctHrentric cm^rdinates. These data will then be 
correlated with theories and observations of t>Cher dusl-reiated phenomena. 
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ftmirt- 'i^i liUt'rpl.mvUr\- rJust vxponmcnt. 
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Space Debris ImiMict Experiment 
(SOOOl) 



iXmald H. Humes 
NASA l^ngley Research Center 
Hanipion* Virginia 



Bacfcgrmimi 



(*urrcnt mcxlels of the near-Earth meteoroid environment are t^sed on 
mcuNurcnients by many different types of detectors* cxh iwasuring over its 
own narrow mass range with no overlapping of measurements. None of the 
detectors measures mass in si/e directly. As a cimsequence. an uncertain 
fitting together of the data has been used to cMimate the pc^Hilation and si/e 
distribution of mete(nt>ids near the Emth. This experiment will use the same 
detector, an aluminum plate, to cfetect meteoroids over a very large size 
range. A single factor that converts crater size to meteoroid mass can be 
applied to all the data. A miK:h improved population and size distribution of 
meteoroids will be obtair^. 

Man-made debris may someday become a significant component of the 
space debris environn^nt near the Barth. Future spacecraft explosions, 
wlH^tlHT accidental or intenticmal. can result in millions of fragments* each 
capable of inflicting substantial impact damage. Sw:h fragments ciHild remain 
in orbit for years. An estimate of the current man-made cteNis pi^laiiiHi will 
also be made with the experiment. 



The specific i>bjecf ives of this experiment are to establish the population 
and si/e distribution ot n^teon>ids in fl^ mass range from 10 to 10 ^ g, to 
establish the current populatiim of man-made (klms in the same mass range, 
and to obtain data on the physical fm>perfies (composition and density) of 
fwtcoroids. 



The space debris inip<Krt experin^nt will expose large areas of thick 
aluminum plates to the spiKre deNis envinniment. iW size distribution of ike 
craters caused by metei>n>ids will be UMrd toiktermine the populatftm and size 
distritnition of nurtecH-oids. The size distributicHi of craters caused by nMUi- 
made debris will b€ used to determine the population and size distritnition of 
man- man debris. The shape of the craters, the imf^iing particle material 
fcHind on the crater walls, and the locatit^n of the imf^is cm the spacecraft will 
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be UNcU to diNtinguish between nKtet>n>id craiers and ihnse caused by 

man-niude debris. , 

ITiis experimem iKCupies I** 3-m -deep peripheral trays, two 3-in.- 
deep end comer iravs the Kailh-tacing end. and tme 3-in. deep end cc»mer 
tray on the space-t^ing end of the LDHh. Additionally, several partial tray 
Uvations on the periphery will be utilized. 
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Meteoroid Dttnage to SiMKecraft 
(F0007) 



Consortium of Invesligators* 
Backgrmmd 

Observation fn^eormd impaa t&unage to typk:al s^Mcecraft com- 
ponents (i .e. . solar cells, thermal control surfaces, and composite materials) 
can provide valuable information for the design of futuit spacecraft. A 
detailed inspection of LDEF and die LDEFexperinttnts will prolNri>ly teveal a 
number of examples of such damage. The LDEF will be the first large 
spacecraft to be exposed in space for an exlmded period of time and then 
recovered in such a manner that the external surfaces are not damaged by the 
recovery process. In addition, die experimemsm the LDEF trays will expose 
examines of many typical ^ncecraft conqxments to the space environment. 

Objective 

The objective of this exp^ment is to obtain examples of meteoroid 
impact damage to typical spacecraft components, and by so doing to help 
establish design approaches to minimize meleoroid damage effects to futuie 
spacecraft. The results of the complete inspj^rtion of the LDEF will comple- 
ment and extend the data obtained from specific meteoroid experiments flying 
in LDEF trays. 

Approach 

Ail exposed external surfaces of LDEF and die experiments will be 
examii^ after retrbval before any exparinM;^ tray mnoval c^ientfions toe 
begun. The locations of impact craters will be documeiried and die principal 
investigators of the trays containing impact craters will be requested to make 
the omipor^t cmitaining the crater available to die ctmsmtium for ^wly aft«^ 
evaluation of the item has beim om^^^led. 



'Ctmsoniitm Hvmbtrs will be the mvenigalors imw/w/ in the following metemmd exptri- 
mfMs: Am23, MhW pie Foil kticroabrasitm Package; AO 1 38 I, Study of Meteoroid Impati 
Craters im Variom Materials: AO 1 38-2. Attempt at Okst Debris Colleclion With Slai-ied 
IJetectftrs: Al87'l, Tl» CfHmstty of Micnm^aroUs; A0187-2. C^nicul attd Isokipir 
Measurements iif Mit rtrnteteuivids by Secomkiry Ion Mess SpectwiKny; AO20I. /ii*r- 
pUmekiry Dust ExperimetU: and SOOOI. Space Mms la^iact Ejq>erimeiu. 
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Free4niyer Bki^iKi& Experiment 
(A0015) 



Honit Backer 
rnsfitute fiw Flight Medicine. DFVLR 
C"nU>gnc. Federal Republic of Germany 

SiicksroaiHi 

Studies t>n the biokigical effectiveness of HZK particles (particles of 
high atomic number I and high energy ) and stars are necessary to confirm 
gnnind-based work, as well as to assess the biological effects of HZE particles 
mit currently available fn>m accelerators tm Earth. Spaceflight experiments 
arc required to analyze and evaluate the biological effects of the diftercnt 
species of HZB particles fMCvalenl in space.v 

In comparist>n with the ApiWIo lunar mission, the dmimetnc data 
calculated tor a 6-month flight of LDKF will yield an increase in HHal di^se ol 
appn>%iniatclv pcreent. in HZH particle fluence t>t appntximately 2(K) 
ncrc.nt. and in stars i>f even 270() pcreent. Thus LDEF will offer a unique 
iipptmuniiy u» gi.thcr information on the ctTccts of stars tm bioU>gical matter. 

Objectives 

I hc free flvcr bitistack experiment is part t>f a radiobitHogical space 
research pri>grjm that includes experiments in space as well as in accclcratt>rs 
tin luirth I he pn»s!ram has been specially designed tt» increase kntwiedgc 
ctMiccmiiiii the imptwiancc. effectiveness, and hazards i>f the structured 
comp<mcnts t>f o»smic radiatitm tt> man and to any bioUigical specinKU in 
space I'p to m>w. t>ur understanding of the ways in which HZh particles 
mii!hi affect bii»li>i:ical matter is based on a few spaccllight expeniiKnts lit>m 
ihe^ la>i Aivilli. missions (Biostack I and II. BitKwe. ami Apnlli> light Hash 
invcsiiiialionM and the Apt»llo &>yu/ lest Pn^M (Bi.»stack III), and iHi the 
limited data available fn»m heavy -itm imidiatiiMi fnmi acceleratt>rs. In the 
near future, acccleratins capable of accelerating particles up to higher atcmnc 
numbers and higher energies will pn»mote increased activity in grcniml-based 
Mudics on bii>li»gical elTects of HZi: particles. Owiparisiw of data twin such 
irradialitm experiments iw Earth with lhi>se fnnn an actual spaccllight 
cxperiiiK'nt will sbi>w anv pt>tential influence of the inevitably attendant 
spaceflight factt»rs (e.g.. weightlessness) tm tlie raditibiobgica! events. 
Further.' the Umg duration t>f the LDEF flight will increase the chance ol 
studying ihc bioltigical ellectivencss even t>f rare- conipi>nents of otsjmc 
radiatiiin. sikh as in>n nuclei i»r superheavy particles ot high energy, which 
arc mJt \ct available from ground-based facilities. 
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Appnittch 

I hc lliiihl hardware used fo achieve ihis ohiective coiisiMs ol hioloiiieal 
speeimeiis and nuclear irack deieen»n». Correlalum ol ihe hiolosiicaf and 
ph>skal e\enis was achieved b> usinj! a special sandwich c«Misiriiciuin of 
\ iMial irack delecu»rs and inonolaserN ol biolnjiical t»b|ecls. J ijiure W) sh4»w s a 
photoiiraph ol the e\|vrinjeni hardware and illusiralcs ihe deucu>r unU 
construction. 

Ilie tlucnce ot hea\v particles and or nuclear disintegration stars de- 
peiuls on the l»Katu ns ol the experinK-ni on l.DI I- I herelore. two evjvri- 
ineni Itvations with dillereni shieldinj! ajiainst space urv usetl The e\peri 
nient consists ol 2(i iletector units. 12 umts mounted in a fi in deep end 
ctirner ira\ on the I arili lacini: end ol l.DI J-. .md S mounted in t»ne third t>l a 
ft m. deep fvripheral tra> l ach unit weighs appro\imatel> 2 kii and d*vs not 
require ptiwer Knowlediie of the tenipi,ratuix' historv aioiind tlie sini!le units 
is necessarv. l or all t»tlK-r «»iiiital parameters needed tor i\k' expi^-rimenl. 
normal iiackint: ot the spacecraft will be sullicieni All exp.-iimeni ilala 
anal\sis will lv ctHulucietl at various cvfvrmienters laKiraiones in l urojv 
and the I S ( See- lahlcs 15 and lf» I 
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IJ}EF Missifm I Experiitu'ius 
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IMe 16*— ILMfiation Detectors in IkisUck Ekperanent 
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Seeds in Space Experiment 
(P0004.1) 



tk'orge B. Park, Jr., and Jim A. Alston 
Cicorge W. Park Seed Company, Inc. 
Cilivcnwood, South Carolina 

Background 

Man, when exploring and developing terrestrial frontiers, has generally 
carried seed for cn>ps to suf^XMl his survival. In the ftiresecablc future, man 
will probably also transport seed in space as he explores and (fevel<^ that 
iww fnmtier. The space environnient can be hostile to seed; tt^refore, data are 
needed on the effects of space on seed and on how seed should be p^kaged to 
survive in space. As a first step toward meeting this need, the George W. Park 
Seed Company, Inc. , flew a Getaway Special seol experiment on STS-6 and 
fiHind that seed can in fact survive a few days in low-altittKte Earth orbits. I1ie 
Seeds in Space Experiment fw LDEF will investigate the effects on seed of 
expiTsuie to space for I year. 

CNyjectives 

The specific t>b|ect!vcs of this experiment are to evaluate the effects of 
space radiation on the survivability of seed stored in ^^ace under sealed and 
vented conditions and to determine possible reiiulting mutants and changes in 
mutation rates. 

The basic concept for this experiment is to expose approximately two 
milliiw seeds of many varieties to i^»ce for 1 year and then return them to 
Earth. The returned seed will be germinated along with control seed of each 
variety which has not been exposed in space, and the germination raicA aand 
development of the plants will be observed. The seed will be packaged in 
Dacmn bags and stored in both sealed and vented coittainers nraunted in a 
6-in.-deep peripheral tray. Figure 61 shows photographs of the flight con- 
tainers, which are painted white for thennal control. Most of Uic seed will be 
loaded into the large 1 2-in. -diameter sealed ctMUainer to preserve pressure 
and sufficient moisture This ctNUainer tm been ciHistriKted of aluminum 
with a thin dome, about 0.050 in. thick, to minimize shielding of space 
radiation to the top layer of seed. Layering of seed within the container 
pntvidcs increasing shielding to lower layers of seed. R£Kiiati<»i levels will be 
measured by thin dosimeters placed between layers of seed. Passive 
maximum-temperature indicati>rs will also be pl^xd insitfe ttw container. 
AivHher container, mounted on the bmtom of tte tray, will be fainted bli«;k 
and will have a temperature range similar to the average internal temperature 
of lite LDEF 
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Space- Kxpo!»ed Experiment Developed for Students 

(SEEDS) 
(P0004.2) 



Doris K. (iripNhy * 
NASA HciKlquartcrN 
WashinjiloiK D C, 



BackgrcMind 



This experiment, which is eUiscly nelaled lo the Seeds in Space hxperi- 
mem (PtKKW n, will oWcT students the oppiMiuniiy to evaluate the sur- 
vivability ot seeds stirred in the space envimnment and to determine possible 
mutants and chan|!es in the mutation rate which may *Kcur. 



I he obiectives ot this experiment atv to involve a very larjie number of 
students in a natii>nal pn>iect to generate interest in science and related 
discipiines; to otier students tmm the elementary thnnigh the university level 
an opptirtunity tti participate in a lirst-hand experioKnt with materials tlown 
in space: lo permit active involvement in classrcKmi experiment design, 
decision making, data gathering, and cimiparisiin ot results; and toemphasi/e 
a multidisi iptinary approach to the project involving subject areas otlK*r than 
science. 



Approximately 1 1 to i 2 million tomato seeds w ill be stored in live sealed 
CiintaiiKTs nuiunted in a 6-in.-deep peripheral tray. (See ! .g. 62. ) Within each 
sealed c<intainer. the seeds will he |^*kaged in Umr Dacron bags. Passive 
radiation deiect4»rs will be placed inside the canisters, Hgua' 63 shims the 
large sealed contaimrrs in the tray, without the top thermal cover. After 
appn>ximalely a 12-mimth expi>surc to the space envin>nment. the seed will 
be returned to the ( Jciirge W. Park Seed Co, . Inc . which will provide the seed 
kits, in addition lo flight sec^. an equivalent anumnt of control m*^^ will be 
maintained in ground storage facilities Both sets of seeds uili b aiuated 
jtosttlight tt> dciermine gennination rates. 

After the tlrst lAyill mission is completed* participating student gritups 
will be provided with kits containing samples of Kith exposed and control 
seeds. The stud(;nls will design and conduct their own classuHim exfvri 
ments. Information gathered and evaiuatcni by the students will be made 
a\ailable to the public. NASA, and the Park Seed C 4). 
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fi^urv ()f - Situs vkpi'nmvnt shown integrated with Seeck in Space Exf^n- 
mvnt ilHKim }i .utd linv.u fnvr^y Trjnsfvr Spvi tnim Mi'dfiun-mcnt Ispvnmvnt 
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Holographic Data Storage Crystals for LDEF 

(A0044) 

W. Russell Callen and Thomas K. Gaylord 
GctH-giu Institute of Technology 
Atlanta, Georgia 

Background 

A compact high-bit-capacity reconler (on the order ot lO" bits) and 
nK'm<»ry system d4)t*., not exist at the |:M%sent time. However. elcctn>-optic 
hoUigraphic rcctwding systems are being developed and appear to be ex- 
tremely pnmiising. 

Objective 

The objective of this experiment is to lest the sp;^x>woiihiness of 
electro-optic crystals for use in ultrahigh-capacity space data storage and 
retrieval systems. 

Approoch 

The experiment approach is to passively expose fmr holographic data 
storage crystals, each 10 by 10 by 2 mm in size, to the space environment. 
'ITiree of the inm-doped lithium niobate crystals c^tain rectwifed holograms 
and tme is unreconled (ctmtrol sample). Crystal I is heat treated for maximum 
sensitivity and is blank. Crystal 2 contains a plane wave lH>logram written 
with a heiium-ncon laser (X - 632.8 nm). Ciystal 3 cimtains a plane wave 
hokigram written with an argcm laser (X = 5 14.5 nm). and crystal 4 contains 
a spcke pattern holc^ram written with an argon laier (X = 514.5 nm). The 
crystals containing tt^ holograms were fixed in an afmosfrfiere of lithium 
carbtmate to extend the lifetime of the ht>lograms. 

This spectrum of crystals will assure determination of the most suitable 
crystal treatment for space use. A glass contitH sample will also be flown. 

In crystals 2. 3 and 4. the data will be (mMected by charge neutrality of 
combined ion and electnm patterns, and the Mograms should be directly 
recoverable upon reexposure to uniform illuminaticm. Two control crystals 
will remain m ibe ground, one attaining a telium-necm ias^ ht^c^ram and 
one containing an argon laser hologram. 

The crystals fra* diis experin^t will be incliKied with the various 
electnwtptical ctmipommLs of LDEF experiment SOO^. Inv^gitfkm of 
hiTects t>f Litng-tXiralion bxposuie on Active C^icai System Con^xmenis. 
and will he liK-ated in the same experiment tray. Figure 64 illustrates the 
concefA of data sti)rage in an i^icai-{^se bolograf^ic n^mtn^. 
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FJitmmU s and Optics 

Angle access: CMie total pa^ 
spaced 0.2' apart for 1000 an- 




MJ^bils K 10' X 10-' V 10' 10" bits 

f$f>ufe M. Data storane concept for an (^tical-phase holographic menHny. 
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Expcmire to Space lUdtetioii of Higii*IMo^^ 
Infrared Multilayer FUters and Materials 
Technology Experfanents 
(A0056) 

John S, Sccley, R. Hunneman, ami A. Whailey 
IX*puftnicnl of Cybernetics, University of Reading 
Reading, Berks, United Kingdom 

IX'irk R Lipscombe 
British Aerospace Corporation 
Stevenage. Haitfordshire, UniUrd Kingdom 

Background 

Infrared mulfitayer interface fihers have heen used extensively in sat- 
ellite radioimrters for abiHit 15 years. Filters manufactui^'d by the University 
of Readmg have been used in Nimbus 5, 6, and 7, TIROS and the Pioneer 
Venus orbiter. 'fhe ability of the filters to withstand the space environment in 
these applkrations is critical; if ctegnnlation takes place, the effects would 
range from wimsening of signal-tivnoise performance to complete system 
failure. An experiment on the LDHF will enable the filters, for the f irst lime, 
to he subjected to authoritative spectral measurements following spate 
exposure to ascertain their suitability fw spacecraft use and to permit an 
umierstanding of degradaticHi n^*hanisms. 

Aikiifionaiiy. the uniK^rsfamling of ih^ effects of prolonged space ex 
posua' on spacecraft materials, >urface finishes, and adhesive systems is of 
great interest to Ihc spacecraft tkrsigwr. Thus, a series of materials tech- 
m>logy expcrinwnts will be included with fhe experinK-nC on infrared multi- 
layer fillers. 

CH)j€^i%es 

Ilk- nbjecfivc ol ihc multilayer filters experimcnl is to expiise high- 
perfornuncc infrared multilayer filters to the spac-e environment and trover 
them tiir subsequent analysis and compariMm with laboratory control 
samples. ScmicimductiHN such as Pb Te, Si . and Cie will be examined to see if 
excess free carriers have been gemrrated by exposure, and for evidence of 
surface cimiaminaticin or degradation and/'w deccmiposition. ZnS and iH\wT 
dielcvtrits will be examined ftM* evictemre of tnilk degradatUMi. such as 
enhanced absorption, color center excess, and nrststrahl abnormalities. 

I hc objectives of tiK materials techndogy experin^nts wtv to evaluate 
the degradation of spacecraft surface finisfhrs, the cnitgassing of spacecraft 
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surface tlnishcs. the ctfcci of ihcrmal paints on cartHMi fiber-nMntoacU 
plastic (CHRP) >»icet and the tliemwl ditTcrcntiation ot expansion between 
base material and thermal coating, the strength of adhcsive-bt>ndcd joints ( lap 
shear) the effect of CHRP strength stiffness and interlaminar strength, the 
dinien>ions oi CHRP cur>atufe. and the effect on KmhI strength between 
CFRP aluniinum alU»y skins and ht>ncyainib ewe. 

Approach 

The c\periiiKnt will utUi/e one sixth of a 3-in -deep peripheral tray and 
one-fourth o{ a 3 in -deep end center tray on the Harth-facing end ot the 
LDIil- f igure (^5 illustrates the arrangement of the filters and materials 

samples. • . ui 

I he Hit t arcil filters being considered fiMr the expenment are listed in table 
1 7 Ilic samples will be measured on an infrared spectrometer with particular 
reference to anv critical parts of their spectnim (e g., peak transmission and 
center wave number of bandpass filters, edge position and steepness m edge 
filter, and transmissit>n in longwave filters) prior to assembly into the 
cvpermiental structure. At the same Umc, the samples will be visually 
mspected ami phon>graphed. and any iUher testing (for example, adhesion 
icsis) will be carried out Up»m retrieval, the samples will be visually 
ins|Kvtcd prior to shipuicni back io the lab»>ratory tiv p*iscflight testing 
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Matc^rial vampk^s 



Infraffcf filters 




^ — Suhslrju* bc*jnn^ intrared 

Subs! rat V holdiv 

"h^ad washt^rs 

P\Mv 

Bac king di>k 

^Disk sprinj»s 

-Snap rinjjN 
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Table 17.— Mifth-Pedwiiuiice kif rated Filler* 



Sample Ivpt' 



Materials isubstrale layers) 



f urn tKHI 



Subslratc 
Sub^ktrate 



Cdfo 
QuartiT 



Substrate BaK* 
Substrate KKSS illBrU 

Substrate KKSh aiC lBrl 

Substrate t loating Germanium with /nS Pt)1e 

multilayer 

Substrate t coating liermanium with /nS Wile 

photoresist or Pb^ / 
Substrate t loatmg Silk<m with pholoreMsi 
Substrates ♦ coatings Silicon with ZnS, silicon 

with /nScv silicon with 
CdSe 

Substrates ♦ (<Mtings c;ermanium with /nS Pble 

multilayers 



Substrate * coatings SiIkoii with i dSe Kt)le 

mulfilavefs 

Substrate * coatings c;ermanium with /nS t1>te 

nuttilayers 

Sut)strate t uiatings Ciefmanium with /ns PtiTe 



Substrates 4 loatmgs IIClBr with /nSe lU IHf 

multilayers ♦ phcHoresisi 
anttreHetlKm C€>a:«ng 

Substrate ^ coatings Silicon with /.nSeTK iBr 

multilayer 

Substrate * coatings Silicon with t die IIHrl 

multilayer 

Substrate ♦ coatings Germanium with ZnS'RjTe 

multilayer 

Substrate ^ coatings Germanium with /nS/PbTe 

muitilayer with photoresist 
antiretledion Uyers 

Mesh filters Melincx f evajwrated Au 

films 



longwave bhuker 
Shortwave bimker for 
longwave titter 
iimgwave bUu ker 
Longwave bIcKker 
longwave bUnkei 
Broadband ant«felUHtiun 
coating 

Broadband antifeltt*< tmn 
coating 

Antiretlection coating 
longwave reststrjhl 
bIcKkers used in Venus. 1 
Pioneer protu" 
Bandpass filter on two 
substrates. IS ^m C i) hand 
comprising two full blocker 1 
cilge filters. usc*d m flKOS ; 
N Stratospheric S«Hinding ^ 
Unit 

longwave c^dgc filtrf at 
jjtm, tuHv bliwkt»d t<? 
shortwave 

IO.h-|Jim narrowband liMc't | 
fully bIcKked to shortwave 
r>-fAm narrowband tiltc*r ten 
C O; bar>d. similar to tilti-rs , 
ust»d in Nimtius i 
longwave edge lor jcipit<*f 
missions 

longwave c*dge for |upit**r 
missions : 
icmgwave c^dge f£>f lupiter * 
missions . 
in.6-|im narrowtwnd filter } 
fully blocked to shortwave, 
ZnS spaced 
Steep^ge filter at 
af^ronsmateiv 1*/>'>^ni 

far-infrarcHl mesh filters 
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Effect of Space Exposure on Pyrodectric 
Infrared Detectors 
(A0U5) 

James B RolKrtMin, Ivan (), dark, and Rogct K ( riHKh 
NASA Langicy Rocarch CVnicr 
Hampton, Virginia 

BackgnHind 

NASA s coitimsUtienl U> air pollution monitoring and (licnnat mappmg 
of ihc l:artlK u hich includes the remote sensing of aerosols and limb scanning 
intrared radiometer pn>jects, nrquia^s photodetection in the f>- lo Khynw 
rcgiiin of the spectrum ITie Hg*Cd- Te detectors that are pa'sently used in 
these wavelengths must be cooled to fK) to 8() K. The cr>i>genic systems 
requia-d \o achieve these temperatures are large, complex, and expensive, 

Pvroclcctric detectors can detcvt radiati<fn in the I - to HN) |xm region 
uhile iUKTalini! at ro4>ni temperature. This makes the pyroelectric detector a 
prime candidate to fill NASA's thennal infrared detector requirements 

Objective 

I hc objeciive i>f this experinKMit is to determine the effects of long- 
duration space exptisure and launch environment on the perlomiance of 
p>n)clec!ric detectors. Iliis information will be valuable to piitential users of 
pyitvlcctrics for predicting performance degradation, setting exp*isure 
limiis. or dctcmnning shielding requirements. 

Approwh 

In brief, the appniach is to measua^ important defector parameters on a 
nuinlvr ul detectors before and after flight on the IJ)LF. Commercially 
av ailable detecli^rs w ill be purchased for the experinvnt . PertcMinark:e param- 
elcrs lo he measured are ixrspiMisivity, detectivity, and spectral nrsponse. 
Material profvrties to be measured are pyroelectric ciHrfticient and dielectric- 
loss tangent. 

Alter the detectors are aMumed to the laboratt>r\ . all tests and measure- 
ments w ill be repeated to determine the anniunt and type of damage suffered 
during launch and ex{>osure. 

ITie detectors for this experinK-nt will be includetl with the various 
cU*ctro-4»plical compownts of experiment StXK^K Investigation of the lilfects 
of ( jnig-Duration l-Apt>sure on Active Optical System C'omp<»nents. and will 
be located in the same experiment tray 
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Thin Metal Film and Multilayers Ex|ierinient 

(A0I58-3) 



J V IVIabtHjUinicn: and J M. Hcrsct 
CNRS/IJ»SP 
VcrricrcN Ic Buisst»n. I rancc 

BackgnMind 

ll known thai uliraviolct (UV) and cxircnic ultraviolet (iiW) 

c\fvrnnciiiN >utlcr dcfiiadaiums during space nussions 4»! even I month 
duration It i> Ivlievcd that the dejiradatuni is due mainly to condensatitm ol 
outsiassini! priKlucts. followed by st>lar-induced polymeri/atijm. Htiwever. 
ivnetratini! eharued particles arc alsti km>wn tt) produce vt>lume cf tects. ()n 
the other hand . degradatn^n may start immediately al ter manatacturinj! t>f the 
c«<in{i<nicnt due to oxidatitm. moistunr. tir chemical corrosion by atnu>spheric 
conMilucnis >«uch a> CO.. and SO., hinally. when the filters are used as 
vMndott> tor j!as abstirptmn cells or gas filters, tir when they define the 
inMiumenial bandwidth by themselves (as in photometers and ct»lt»rimcters>. 
the ttlect> ol mechanical degradation by thermal cycling and or duM impact 
iua\ K* dramatic 

Objetiives 

(hf ubjcciivo ol this exfvrimem arc to investigate tin- sources of 
degradation of both state of the an and newly deveUtped ct»mp*»nents ami U» 
test the UM-tulncss of the concept of stt»ring experiment samples in di\ 
mirot.'cn uiuk-i l.uiiich ami space vacuum conditions during reentry niissnni 
pliases 

Appniach 

Ihc cvjKMimenlal appnnich is to passiveU exj>ose r:i'\ thin films and 
r\ filicis i»» the space envinmment tor ptisttligbt iiK-asurement and com- 
parison with preflight nK-asurenwnts. Ihc experinK-nl will be U»caled in tine 
i>l the three I KI-.( ( bt»xes in a 12 in. tieep peripheral tray that contains 
niiK- other experiments tn»m France. (See figs. 1 2 and 13. ) 'I'he l-KI-COPA 
h»»x vv ll! provule pniteetion for the ex|vrinH.-nt samples during the launch and 
ieenir\ phases t»f the IJ){J- missit>n 

.\ll samples will be manufactured at I,FSI* according to carefully 
controlled techniques and will be separated intt> two exactly similar lots, t>ne 
nt which will serve as c<jntrt)l samples and will be stored under vacuum 
ctmditinns in the laNtratory Ihi- flight lt>t will also be divided intti twt» 
half-hMs. One will be mounted in the FRWOPA bt)x tt» see solar illumination 
and the other will be prt»lected frttm solar illumination. After LDHF de- 
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pUnmcnf. the l'KI:CX)PA tnixcs will he auUMiialically opened lo pennit 
eKp^tsure ami ufll he closed pri4>r lo IJ)I{|- retrieval. Afler tlw \\\^)\\ samples 
are relrieveil, then optical profHrrties and the optical properties o\ the contrt>l 
hn will he renKMMia\r f'hc* ciHitrol lol will he rcfiieasuriNj to acctnmt tor 
intrinsic ai!in^. 

hach halt lot o\ the Uiizht samples will contain 12 l:UV free-standing 
■ suiiile la\er ' ihin lilnis (set S| ), 24 \\V\ "simile laver ' thin lilmsiset S>). 
12 multilavef^ def>i>Nited on t'lass suhstrates (set S4), and 4 V\ cr\stals (set 

I he fillers in wts S, and S; are thin H^tK) \o 3(KM» A) films of sc-lected 
n^Mals I ndcr Mich thickness, juhkI ofMical transmissum is obtained in 
uave!cni!fh hands approximately MHI A wide Selected materials that provide 
hands m the extreme ultraviolet include AK Al i C\ Sn, and In, 

I he metallic multilayers in set are new optical compi>nents tor the 
I r V reiMnn Intel lerence el'tects w ithin a stack i>raltematively ahsiirhing and 
transparent materials of appr4»priafe thickness aor useif to increase the re- 
flectmi! cf ticiencv withinanarnm wavelength range I'he niimher iif periiHls 
Is tin the order of 10 ttt 4(f Layers of Si W and C W are scheduled to he 
included it axailahle. 

Ihe I V crxsial filters m set S, are relatively thick (2 mml crxsud 
uindims «H I if- aruf Mgh. and are tM general use in the far V\ range 

I in the prcllight tesi program, fabrication controls and preliminary \\\ \ 
bandpass measurements will W made with a grazing incidence mono- 
chmmafor The full bandwidth <*f iree-sianding filters and multilayers will be 
measured uith a sxnchrotnm light source in several wavelength intervals 
from 4tMo ;?<XK> A< w ifh emphasis on the interxal from MM) to I (KK) A. Optical 
constants will be measured from defH)sits on glass substrates. 

Pictlight measurements will be repeated! for the posttlight test program, 
and surtace physical and chcMnica! analyses will be nKidc using the samples 
de{M>sited on glass suhstrates and some ot the trcv-slanding Idms in cases 
where linfts have been 4>bserved, This v% ill be pt^ssible because several filters 
of each kind will be used (i.e., destructive testing is fH>ssible). 
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A Mathorhc 
Opcical Dixision. Maira S,A. 
KiK i! Malniaistin. I raiuv 

tn iIk- |uM. ihc MaCia Opiual Dimnuhi has do\olo|Vil a wide raniic ul 
iiplicai iOin}HMicii luanulacUiiVil b) \atuum dc|x>NnuMi. such a> inciallii: 
aiul iiuiliiiliirkvf ru ivtkvlixc OMlmt'^ in the V\ ranjrc, niclal-cliclcciric 
nUcitcrciKV lilUis nt ihc I'V kkmii lo HiKI A) and IK raiijio, namm- 
baiulpasN liliciN in iho ncai l \ and \isibic raniics, solcclixc nictaiifc niimirs 
ill Ihc iani!c innu 15(H) u> 25(M) A, antirctlLVtivc and rvllccUNC IR a>auni!>, 
Ivain NpluioiN m ihc visible ami IR ranges, and (Optical surtaco rctlLVlion 
(OSRUiialiiitis Main oi ihcso compniKMils, sonic ol which wcio itw !irNi o\ 
thiNl\|V toK.- inainiUK lured in the world tc.g.. inccrtcrencv lihcrs al Lvman 
i\ t, \ui\c tvcn nKorj>iira!cd inlti seicniilie aiul icchnical c\}x;riuu:m?^-tlown on 
ballmms and nvkclsas well aNiiit SvniphiMiie, MeltrtiSaU 0 I S. l)2-B. TIROS 
N, and oihcvs I hew OHnptuients appear lo have i^peraled NueecNNtully in 
flijiht, bill detailed infornialum eoneemini! their lonji-tertn behavitir in not 
axailahle 

C)bjciii%c' 

t he t»bieLii\e ot this exjvinnenl is \o analx/e ihe stabilii\ o\ \ arums 
\avuinn dep.^sucd npiual ciMitH'js evfHiseil lo the spaee en\noiiinenc 

Appniaeh 

I he L \peinneiual appunieh is u* passixelx exjvise samples oi the i>ptieal 
e4Mlini!s 4>| interest iSec table IK.) IVellight and ptislHight optieal nwaNure- 
incnis. iiKliidini! visual and iniert^so^j^e inspeetunis. wiil be etimpared lo 
ileieiniiiie ilie efteets o\ spaee eiiMrtmiuent expi^surc. 

I he experiment w ill hnrated w ith nine other cxpeninenis Ircmi France 
in a 1 2 in deep peripheral ira> . ITie 4>piical coating! samples w iH be liKaled in 
one ot the three f-RIX'OPA b4>xes liTcated in the cra\ {S\x tig. 12.1 The 
I RIX'OPA bi»x ilig. L^> will priuide priHcetiim from Cimtaminaiiitn ti^r the 
samples durinii the launch and leenirv phases of tlw f .l)l:F niissiiin 

hellii-'hi and fxtsttliizhi measurements will mcluiie visual and micro- 
s^Hipic examination and sjxrctrophotiimetrie analxsis. \'ot samples that show 
chanj!Cs. micr4tf>li\ steal analyses will be pertnnned b> experienced Iabtirali> 
nes 
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Table 18.- Optkai Coatings in Eispefimmt A0138-4 



Metallic intcrtrrt'nce filler 

made in ultrahigh vacuum. 

k 12l.hnm 

iVtetallii inter tereiue tiltCT 

made in classic at vacuum 

\ 121.6 nm 

Miiallic interference tiller, 

K 1 W nm 

DieicHtric interference filter! 
A nm 

Kancipass infrared tilter, 
K n ^m 



performance**' 

1 10 perc ent 
A A near HI nm 



1 8 percent 
A A near 12 nm 

T 12 percent 
A A near IS nm 
1 |H*fcent 
A A near S nm 
I ^) pert t*nt 
A A nc*ar 2 ^m 



^ipli( atiim 
Sc ii*ntff i( 



S< ientiffc 

Si u*ntiftc 
S< tentff ic 

1 eltH (mmiunii aticin, 
tarfh observaticm 



At k K\%*\ , nif*f<illti niirnif iM\ 


K 


80 percent at 


Sc ItMitific 




A 


121 nm 




Al ♦ M^f ' melailK mirror on 


fC 


• t'\^»Tt cant it 

/ ? pi ICt in fill 


IV 1 1 i 1 11 ' 


Kantgen substrate 


A 


121 nm 




Al * 111 metallic mirror on 


K 


percent at 


Sc lentifK 


glass substrate 


A 


1(12 nm 




Al * III metaiiu mirror on 


K 


li) p(*rcent at 


Scientific 


Kanigen substrate 


A 


IU2 nm 




PLituium mirror 


K 


20 percent at 


Scientific 




A 


121 nm 




Au mirror 


K 


20 percent at 


S( lenfitM 




A 


121 nm 




Ag * Ihf^mefallu nnrror oi^ 


K 


• 9S percent al 


tarth obsc-rvation 


glass substrate 


A 


4S0 nm 




Ag * Ihf 1 metallic mifrur <in 


K 


H^y fM'rcent at 


laith iiJ)sc»rvation 


Kanigen substrate 


A 


4S0 nm 




{)ielectri< mirror at 


K 


<IS (H'r(t»nt at 


Sf u*ntilK 


A 2>i? nm 


A 


J^iO nm 




Dm'Uu trie mirror at 


K 


MS percent at 


S( lentific 


A 170 nm 


A 


170 nm 




Metallu seii'i tivt* mirroi at 




80 fH-rc ent al 


Scientific 


A rn nm 


A 


2tNi nm and 






K 


20 fK'r<"ni at 






A 


KWnm 




SfO^-liO,' d«ele<tru mirrors 


K 


• 9S pc»fcc*nl in 


larlh observation 



vfsibk* 

AntireiliKfion coating in 14- to I (XTcent at IS 



Ih'ijLm H'gion 

,AiiitfelU;ctioji cuatnig in 8- to 



1 f*^m region 

Dichrometric si'|>araticm in 
vi'iible and iniran^d rt^icm 



icm 

T 'J4 iHrrcenI at 10 
^m 

K W percent in 
visiWe. I 80 
pef cent dA TO jun 



felec c »mmu n ic at ion 

Larth observation, 
fm»tc*oroiogv 
tarth observation 
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Ruled and Hoiographk Gratings Experiment 

(A0138>5) 



(filbert Morcau 
Jiibin Yvun Division. InslnimcnCs S A 
I jmgjunKau , I rance 



Biickgraund 



In ttic pasl. several ruled and holojiraphic gratinjis from Jobin Yvon 
vMlfi varuHts coalings vicrc succcsstully flown on nKkeC cxjXTinK'nis from 
LPSP and i>!hcr ortiani/alions as well as satellites I)2-A, I)2-B, ()S(M, and 
some triMU the I S, Future utiii/atums of such gratings are being a^nsidered 
for the Space fVleseope and for varii>us Spaeelab pn>jecls being ilevelopetl by 
I ranee, (iemiany. Belgium, and other Cinintries 

Ilie technique used ti) a*p!icate gratings can alsi> be used liMibtain a w ide 
range of lightweight optical Cimipiments, including S4>phisticated aspherical. 
highK polished ntirn»rs. 



The obiective 4)f this experiment is ti» test the behavior of ruled and 
holographic gratings with various coatings after extended exp4>sure t«i the 
space cnvtritnmenls Specific iibjeetives include examining the ciiatings Un 
p*>\sible chafiges and differentiating between the intluences oi vacuum and 
solar lihiininanon 



I he c\{>enmental approach is li> passively expose samples <if the grat 
mgs .md C4Mtings of interest Freflight and postilight examination charae- 
feri/e the t>plical quality oi the gratings will include measureiiKrnt i»f uave 
tfoni tiaincss. a*flection efficiency, and stray-light level. 

The experiment will be livated with nine other exf>eriments from France 
in a 12 in deep peripheral fray. The grating samples will be hvated in one i>f 
the three I RIX'OFA biixes hicated in the tray, (See fig. 12. ) I he f-RFCX)PA 
Kiv (fig. I-M will pnnide protection for the samples fn>m contamination 
ihiitng the launch and reentry phases of the LDHF mission. 

! he fi>llowing is a list of the samples to be used in this experiment w ith a 
descripiion of each l yiK- "(T' is a replica of a gn)oved grating with IHH) 
gfiHivcs mm bla/ed at 25(N) A (aiuminum-cifated blank pya^x). 1 vpe "\\" is 
an original holographic grating w ith 36(K) griHnes/mm and a spectral range of 
50(1 to \ A (platinum-coated blank pyrex). Type "HU" is an ion-etched 
bla/ed graimg with 12(H) gnHucs nim bla/ed at 25(XI A (aluminum-coated 
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blank pyrcx). Type "W ' is a conirol min »r un blank pyrcx. One hall is 
Ciutcd Uilh aluminum and Ihc other halt uith platinum. Samples will 
liHrated on bi»th sides i>t the nKninting plate within the HRhCOPA box and w ill 
have the shajx* ol a parallelepiped with diuKMisions 34 by 34 by 10 mm. A set 
4>t eontrol samples w ill also be stored in the labt>ratory tor eomparis4>n w ith 
those retrieved from spaee, 

Pretlight and piistflighl measua*ments to be made include the iollowmg 
parameters 

I. Wa\e surface flatness. Ihis will separate changes intUKluced t v 
t!r4Hne distortion and blank distortum and will be nwasured cm an order 4)1 
zero t4fr types II. Ci. aiHi \V\ and 4>n an order 4»f 4me t4>r types (i. li , and HU . 
The measurement will be made by ph4it4>graphy usmj: a Michclstm 
inlerterometer. 

1 Keilection etticiency. I his is measured with a phot4ii24>nionKMer 
trom 22<H) to WHK) A tor types Ci, HI), and W and with a vacuum ph4H4> 
pnii^mKMcr tnmi 5H4 \o 1216 A for types H and W . 

3 Stfav lijiht level For types (i and Ht\ measurenK*nfs will be made 
using a c^mtinuum spectrum tdeuterium lamp) near 2lKK» A on a nu>no~ 
chr4miatifr w ith a liquid filter. R^r type HU, measurenwnts will be made using 
a laser line (632X A) on a nHm4Khnmiat4>r, These fiKrasurenwnts will help 
define the limits of utilization for each type o\ grating. CompariMin 4>f the 
diffearnt measurements before and after SjMce exp4>sure will help define the 
space environment elements that cause degradati4>n of grating 4>ptical qual- 
ities and the grating compi>nents which are damaged by th4>se elenwnts. 



171 



Optical Fibers and Components Kxpertment 

(A015S-7) 



J. BiHirricau 
CHRT/ONERA-DBRTS 
Toulouse , France 



Background 



\ ibcv opiio are becoming important components in communication 
sysicms, optoekvimnic circuitN, and data links. Space appticatiiMis arc now 
available with varunsN advantages: weight and si/e reduction, data trans- 
missiiin rate incrcase ( 10 to IC^ Mbits), and reduction of eicxtromagnetic 
susceptibiliiy and power requirenKnts. High sensitivity to ioni/ing radi- 
ations, however, may be a nrstriction for o|«ic-tlber use on satellites. 
Presently . m tlight observations of optie-tlber damages an: m>t available, but 
an increasing number of laboratories aur carrying cHit irradiation tests on these 
components using neutrons, gamma rays,and X-rays, Radiation damage cm 
optical materials, however, is stmngly linked to the test conditions (tempera- 
lure, dose rate, energy, and nature of the incident particles), and laboratory 
lesis arc not as rcpa*seniative as actual space environiiurnt exposure 



IIk mam i>bjeclive of this experiment is the ct>mparis4m of liber ofHics 
permanent damages induced by ioni/ing radiation after a long exposure in 
space and alter labt oratory tests. Specific objectives aiv to validate irradiation 
tests pertornHTd w ith radioactive sources (Sr -Y**'). to verify computer codes 
used for the tluence and dose profiles, to determine the perftmiiance of fiber 
optics waveguides in a iow^altitude tw1>it (doses between H) and 1(10 CJy are 
expcvtedf. and to determine the origin of transmissicm losses (e.g.. color 
centers and index variations) in the material. 



I he exfvriiiHrmal appr^iach is to passively expose two opiic-fiber wave- 
guides (iine step index and oi^ graded imiex) of some 60 em in length with 
conneetors. (See fig. (^ ) Pretlight and posttlight nkrasurements of optical 
properties w ill be companrd to deiemune the efiects of space cnvinMimem 
exposure. 

The experiment w ill be IcKated with nir^ other experiments fmm Franc^e 
in a 1 2-in. -deep peripheral tray. The of^ical fibers will be kxrated in one of the 
three FRIX'OPA boxes in the tray. (See fig. 1 2. ) The FRtCOPA bi>x (fig. 1 3) 
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will provide proicclinn for the opcical-tibcr wavcj-uidcN trom contamination 
during launch and reentry phases ol the LDliF mission. The in-llight absorbed 
do>e profile will be nieasuivd with live thennoluniinescent dosiiiurterN 
shielded b\ various aluminum thicknesses. 

Irradiation t»t the sekvlcd optic liber waveguides will be carried tnit in 
(he labt»ratc>r> with an Sr"" Y'*' beta ray M»urce in order lo simulate the 
in-tlight d4>se. Before and after flight and laborator> simulatit»n. measure 
tiK-nts of the optic-f iber waveguide light transmission will be made with a 
spectn>photometer. l-our sets of samples will be manufactured. t>ne for 
ground (est and the oihcrs for ctintr4>l. flight, and space flight sets. 




I xpi-rimenl AUl tH-<> 
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Pasave Exposure of Earth Radiatioii Budget 
Experiment Components 
(A0147) 

Siihn R. Htckey ami Francis J. Griffin 
The Bppley Labtiraiory, Inc. 
Newpc^^ Rhode Island 

Backgroond 

lianh Radiation Budget (BRB) experin^nts require accuracies on the 
order of fractional pea^entages in tfi^ measunen^nt of soiar and Barth flux 
radiation. In order to assure that tf^se high*iH:curacy devices are indeed 
nK^asuring real variations and are not respomiing to changes induced by the 
space envinmment, it is desimble to test such ctevices radiometricaily after 
e\pi>sure io the best appmximation of the i>rbita! envinminent. 

(Nijecrtive 

Since the Itarfh Radiation Budget experiment was irrational on Nim- 
bus 6 and IS operational imi Nimbus 7, and since in-flight calibration is 
difficult for the Milar and Earth flux chanmrls^ the objective of this experiment 
is to expose HRB chanmri components to the sfnice environn^nt atul tl^rn 
retrieve them and resubmit tt^m to radicnmtnc calibration after exposunr. 
Subsequently, corrections may be applied to ERB results and information will 
be obtained to aid in the selectiim of compcHients for future i^raliiwal solar 
and Earth radiation budget experin^nts. 

Approach 

Passive cxpi>sua* of Si^lar and Earth flux channel components of the ERB 
radicmiefcr is the basis of the a{^;>roach. Three Earth flux channel types of 
ERB w ill be mininted in omr-fourth of a 3-in.-<teep end center tray on the 
Earth'Viewing end of tiK LDEF. (See fig. 67 J Prior to delivery, ihisc 
channels will umkrrgo complete n^iometric and spectrophotimietric exam- 
ination. Iliese tc*sts will be repeat^ after retrieval to .evaluate changes in 
orbit. The si^lar-channel compomnts will be imninted in (me-sixth of a 
3-in.Kiecp peripheral tray near the le^ing edge of the Lf)EF (in the directttHi 
of the veUK'ity vector) to view tl^ Sun in the manner most like the ERB 
experinwnt on Nimbus. SoiarHrhanTCl ccMnpcm^nts to be tested include 
thenmipites. interfenrnce Alters, ami fused silica optical wimkiws. (See fig. 
fMj AdditH^nally, Mime state-i^f-tbr-art vacuum*iiepi>sitai tnterfereiwe fll- 
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fi^urv U7 fMth flux ctuwnvl components. 



Thermopile's, inUT <<*rem i» 
fitters, and (uM»d 
sUka optkal windcnvs 




ERLC 



175 



ElcctronU s antl 0/>//V.v 



Icrs have been ifuiudcd U> examine space envinmitiem elfeciN iMi these 
ctmip»»nenis. Hie iw»i ihenm»piles will have difl'ea*nl black fwint i>n the 
receivers. ITk cavity unit will be similar to that pnipt>seU Uw futuiv solar- 
constant nwasunrnient missions. Vacuum baketHit will be pertomK*d on all 
eleiiHrnt> as jHcxvribea and pcriormed t»>r Nimbus prior to deliver)-. Radio- 
nwlric tesiing and weighing will be perlonned on the thenwipile and cavity 
devices. Speciro|iht»!onKiric testing will be perfomwd on tllten* and fused 
silica ctMiipoiieniN. 
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Eflccts of Solar Rs : )lion on Glasses 
(A0172) 

Ronald L. Nichols 
NASA CieiKge C. Marshall Space Flighi C cnicr 
Huntsvtlle. Ah^ama 

Donald L. Kinscr 
Vanderfoilt University 
Nashvilk:, Tennessee 

Backgrmmd 

TIk' deterioration of glass when subjected to solar radiation has been 
scientifically observed. Since tl^ molecular structure of glass is ccmsidered to 
be in a nietastable slate, this lack of stability is not an unexpected event; the 
glass would achieve a lower state of energy if its atoms were learranged in a 
long-range repetitiiHis lattic^e structure. Changes in the (Mx^ierties of a glass 
are cinnmonly associated with exposure viy solar radiation. Because of 
insufficient test data for glasses exposed to actual space radiation, tl^ 
materials engineer must attempt to extrapt>{ate fn>m data fi^ artificial solar 
radiation exposure in (uder to sel«xt gla.v>es for use in hardwaa* that will be 
expi>sed to the space environnwnt for long periixis of time. This limitation 
severely degrades the cimfidence level dir the performance of glasses utilized 
in space 

ITie i»hjcclive c»f this experinw^nt is to determine the effects of .solar 
radiation and space envin>nnK*nt on glasses in space flight by exposing glass 
specimens to the spacv environment aiKJ analyzing the epical, mechanical, 
and chemical property changes that ixrcur. TInr fHX^rty changers of samples 
receiving difTering cumulative solar radiation exposun: will he compared. 

Approach 

This experiment will be cimducted by passively exposing glass samples 
to the space environment. Glass samples iKtrupying one-sixth of a 3-in.-dcep 
tray will he iiK^ated near the trailing edge of ibc LDHF so that tlnry will be 
cxpi>sed to a maximum annnint of incident 9^)lar radiation. This localitHi will 
contain bK cylindrical disc samples i.2S in. in dian^ter. (See fig. 69.) 
AfHHher gmup ot 52 samples <iccupying oi^-fourlh of a 3-in.-<teep tray will 
be located cm the tlarth-facing end of the LDEF ami will receive minimum 
e\posure to solar r^niiation. The properties of e^*h sample will be measured 
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pruir and suh\Ci|ucnl to cxpt^urc \o the space cnvironmonl. Several samples 
ot each ulass ciHiipiisituni selected hijihl will Iv evaluated to alUm a 
statistical analNsis cif Jhe data t>btaifHrd. Candidate CiMH|H>situMis include 
aiuiiitno>ilicaies, fused silica, titanium silicate, lead silicates. hKMi^stticates. 
s«H.tti fHMash liiiic, {xuash h<>it>sdicate, and Mnla lime silica classes 




study (>t* Factoni IMeniiiiiing the Radration Sensitivity 
of Quartz Crystal Oscillators 
(A0I89) 

ioim I). Vcnablcs ami hAm Ahcarn 
Martin Marietta l.aK>ratorics 
Baltinu>rc. MarylanU 

Background 

Ic luiN Umii Ixvn known ihal raili;»non iiHrcascs ihc acoustic absiirplion of 
qiKirl/ ciAslal oNCiHalors and pnnluccs shifts in their resonant frequency 
which ina\ he as lar^c as 4<K) parts per miUion. The need tor high-prvcision 
quail/ oscillator cUkKs (and filters) in communication satellites, missiles, 
and space piohes makes it necessary to improve tlie radiation siahilily ot 
maienals used tW these applications. 

lAp^Tiinents fKrrfomied at Martin Marietta Lahiratories denunistrate 
that the- lechniquc ot transmission electron microscopy ( I bMi provides a 
puucrtul method tor studying! the effect of radiation on crystalline quart/. 
\V tien suitably thin samples of a quart/ are examined by 11 :M. it is i>bserved 
ituit delect clusters form at a rapid rate within the material even when the 
incident electrtm enerjry is as low as 4(1 keV. Studies of this phenomenon 
indicate thai the clusters arc foniied from atoms that have been displaced by 
electrons m the incident beaiiu that the clusters nucleate at impurities 
I because the cluster concentration appears to be impurity depemJent), and that 
the clusters intluce large strain fields in the lattice surrounding them, as 
evidenced bv ihcw paired black-dot images, which anr characteristic oi 
• strain field contrast " 

T\Ko f actors suggest that the observed clusters may be a'sponsible for the 
radiation-induced f requency drift and acoustic-absorption ef fects asMKiated 
uilh irradiated quart/ rcMinators. hirst, the clusters are expected io be ver\' 
etfettive in modifying the piezoelectric properties of quart/ because ot the 
large strain fields assiKiated with them. Second* both pheiumiena a^var to 
fv sensitive to the impurity concentration. If this cimclusion is valid, it 
suggests that i liM can be used to classify grades of quart/ according to their 
suitability for use m radiatit>n-hard neNonat4>rH Miiretwer, using this tech- 
nique It max be pt^ssible to identify the impurities that are responsible and 
thercbv ef fect an impt^nenwnt in the stability of quart/ i^illators. 

Objective 

I hc iibiectivc ol this experiuK^nt is to determine whether thea- is a 
correlation fvtween defect cluster concentrations iibserved fi^r different 
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^raiics ot quafl/ cxantincil hy 1 i:M and the cicclricai slahiiicy ot quart/ 
a*MUiatorsc\|H>Ncd U) \\k* coinplcx radialitm assiKiatcd s^ilh an orbital LIII J- 
cnvironmcni. 

Apprt>ach 

lo acc'i>n)phsh ihc Dbjcciivcs. several gtadcs ot sinjile-cry sial u-quart/ 
eiHifainini! a nmJc ran^c ot impuriiy conccniralions have been examined by 
ThM lo deiennine dittereiKes in their susceplibiliiy lo cluster formation 
during electron irradiaiion. Based on the sensitivity ot the quart/ materials to 
radiation as ilekTmined by I l:M, two jirades ot quart/ have been selected tor 
tabrication into ivs4)nators. Ihe selection has been made to maximi/e the 
ditterences in radiation sensitivity ot the chi>sen materials. ITie electrical 
pro|XTtics ot the resonators are being established by measuring their resonant 
trequency as a tunclion ot lime to establish the natural tWquency drill ot the 
resonators beli^re insertion into orbit. After e\pi>sure to the I.DI:!- envircm- 
mcnt. a second series of electrical measurements will he made on the 
resonators dcferniinc variations from the pretlight data. Changes in the 
electrical daia will then be compared with TbM a*sults to determine whether 
11: Vt observaiums are a-levanl lo the study of the stability of quart/ resonatcirs 
in an outer-space envin»nment. 

The experiment hardware consists ot one-sixth of a 3 in. -deep peripheral 
liav v^ilh 14 5 MM/ I'ltth-incrtonc. Al-cutresiHialors mounted on an alumi- 
num plate, as shown in tlgure 70. ITie resonators have been fabricated from 
cui> maienais isvnlhelic swept premium Q and Brazilian natural quart/) 
selected because the I IiM technique indsc ites large differences in their 
radiation sensitivity, hour reM)nat4»rs (two from each grade of material) wit! 
be used as controls and shielded from radiation, Vhc remaining ten resonators 
(five troni each grade ) will be cxptised to the space radiation. In additicm. two 
resonau»rs unie from each grade) will be kept m the lahKtratory as ;tddituinat 
controls Hv ilctcrmining the frequency dritt of the resonators fvfof^ and after 
the IJ)1:I tliglu, as well as the frequency offset occurring during the llight. it 
\mII be {>4issiblc to separate the natural frequency drift from that induced by 
the space raihation and U> itclermine whether the radiation damage 4»bservcd 
h\ \ {,\\ correlates wiih the space radiation envinmment t)f an orbital LDl^h* 
tfight 
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Investigation of the Effects of IxHig*I>ui^tion Exposure 
on Active Optical System Components 
(SOOSO) 



M IKinald Blue, Jaincs J tJallaghcr, ami R. Cl Shackcltoui 
I nifinccnnv I Apt-rnncnf Stahiin. (icorjiia Instifuic of I'cchnoUigv 

Atlanta. (Jcorjria 



KackgnHind 



In the future, electro optical systems will tind tncreasinj! apphcatiims in 
space based s\ sterns I he successful flights of interplanetary pn^*s dating 
back ii^ Manner ii in 1^2 have demonstrated the ability ot optical systems \o 
operate m the interplanetary spav eenvironnHrniiiver fvriiKlsot many nuniths. 
Current and planned l-;irth resiiuaes and nu!lciiri»iogical satellites are indiea 
ti\e ul the coruplcMty hieinj! achieved m such systems, and the planned laser 
inteisatclhte Ciuninunicatufn links rsho^ a new level sophtsticati4)n being 
developed for futufv electro optieal systems. 

The environmental ha/arils fvculiar to space include radiation induced 
diS4.i»iiitatHm. clectricalK active flaws, and changes in index of refractHm. 
riiese problems niay arise from sublimaliim. iuitgassing, and deciunpositiun 
effects as well ♦is from dep^sitiim of such pnKlucIs and iHher vlebris imto 
com|HHienl surfaces Other hazards are abrasiiui or cratering o\ surfaces, 
which are caused by mefeoroids and cosmic dust 

Optical and elecinvoptical ciunptinents must survive this environment 
Assurance of survival is typically provided by gnKind-based testing to 
snniilalc those asjKM** of the space envirtrnment which are considered most 
serious, Ihe avadabiht) of the LDIJ' permits exp<isure ot electro c^ptical 
ctimponenfs a true space environnKMit at a reastinable C4>st. 



Ihe obiectives ni thjs experiment aa* io dctemiiiK' quantitatively iIk 
effects ky\ lung diuatiim space exposure tm the relevant perfi>rmance param 
eters ot lasers, radiation detectors, and selected optical components, to 
evaluate the results and impftcattuns of the nK'asua*nK'nts indicating real or 
susjvclcd iicgiadatum mechanisms, and establish guidelines, based i»n 
tfR'sc results, fill silcctum ;«nd use of cimiponents tor space electro-tiptical 
s\ stems. 



Ihc cx|vrnnciif includes a representative sample of souacs. detectiirs, 
and passive c4>mfH»nems ivpical of basic efenicnts melectro-^^ical systems. 
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I hcNC coi!i{HiiKMi!N aic nuninUii ii> a ^ iii aUcp {vriplK-ral liav in a nianiwr 
thai Miiuilau-s ttwii likcis suniUHuiiiti^s in an nivialunial snsIchi. l ii!U!V 71 
slums the C4»nMaKiii>n and asscinbli'd appcaraiKv oi owe ol ihc six suhfiav 
pancK niakini! up the cxjvninciit C arclul altciiliim lo suitacc coaUns^s is 
u\jiinvd \o maintain coinjv>ncni lciu|viaiinvN Ivltns IoncIs .u aIiicIi dcicno 
ration can 4k\ u! Hk' ar!*tni!cMnoni Nlunsn in the liiiuic iisi-s a Minscuvn. hl»ak 
pauil. aflit aiUKii/atiwoaltni'v u^.uhicvc a Icinpci atiiic r.ini'ctil >0 \oU^ (' 




hfiun' 7U -Aitivv aplical syMi'in i umpanvnls vxpcnmcni. 
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A of 171 coinpiMicms haw been acquired, ut which I3(> will be 
iiuiunted in the tray and 35 w ill be maimamed in (he labc^ratury aNCifnCiiils A 
brie! hstmj! til these compi>nenls is pa^sented in table 19. 

ITie analysis prtkredure inv4>lves careful measua'tncnt the upcrafii^nal 
characteristics 4^1 the components bcXoxc and after space flight, it may be 
necessary to anaiy/e surface debris or coatings of condensed materials on 
♦optical surfaces, althiutgh the extent and natua^ i>f such effects canmn be 
anticipated at this time. The analysis techniques available include S4,'anning 
electron microsci»pv, electron and X ray flu4WM.ence spectr4>si4>py, and 
\ ray diifractii^n 

Duplicate C4>iu|>onents will be st4>red tn a laN>ratory environment am! 
u ill be a\ ailabie for C4)mpans4m purp4>ses m nK)st cases. ITie ejipetiment will 
tv passive and no electrical |Kmer v\ ill be employed. C^mipiments n4)rmall> 
4»fVf atcd at cry* weenie temfHrratures will not be ctv>led. ^ i^x this reaMMi. the 

TaWe 19, HettrtHOplkal Oimptments 
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experiment wil! serve U> esiablish a baseline fw the effects i»r degradation of 
compi>nents at ambient temperature. Future experiments on the effects of 
exposure at m»rmal cr>'ogenic operating temperatures can be combined with 
the ambient-temperature data to separate degradaiitm effects that are speci- 
ficaily temperature related. 



Fiber Optk Data Tnmsmissioii Experiment 

(S0109) 



Alan R. J4>hnsi4»n ami Larry A, Bergman 
Jet Propuision LahiH^Uny 
Pas4Klena« California 



Background 



Appiicalii>n o\ tllvr optic techm^logy to data transmission on a spacc- 
cratc yield several benefits in comparison to eimventional ci>pper wia* 
fransinission. IVi>bahly the nuisl important advantage is that fiber links an: 
mherentiy insensitive to pickup* electromagnetic interference, and gn^und 
liH>ps. Als4>, fibers are roughly two orders of magnitude smaller and lighter 
than their Ciipper wire euuivalent. ami ultirmitely it is anticipated that a fiber 
link H ill beccmie cheaper 5han ci>pper . Tlw same components, tince inslaik\i, 
could handle the wide range of signal bandwidths, fnmi telephiine rates (tens 
of kilobits > up li> lens of megabits. In addition* thea* is a largely unexpUmrd 
relaliimship uifh (fHr developing micr^KMauit technology^ suggesting other 
applications that are presently unknown. rheaMtne, early verification of fiber 
optic technology in the spacecraft envirimnwnt shtniid have a brt^ad-based 
interest in (he future, and this experiment will pnwide an iippodunily t4i test 
rcproentafive tyjx.'s of f iber finks in an actual space envinmnK'nt. 



I lie oh|cLUvc of ihis cNfK-rinurnt is io test fiber i>ptic ciMiiponents in the 
space environment io iletennine their ability to operate over long pericHis of 
fink: vvstlumi JcL'tadation of performance. 



rhi* experiment ivcupies a f^in.-deep penpheral tray and consists of 
apfmixunafely HI state-of-the-art fifvr cable samples and three camlidate 
connectiH* types which will be passively expensed to the spinre envintnnurnt. 
Figure 72 shows the flight hafdwaav 

f-i>ur fiKrr cable samples will be nK>unted in a planar IktHx coil on 
ihenttafiy isolated m^ninting plates attached at the tray surface. Six or mon: 
additumal cable sample> will be nutunted on the bottom surface of the tray, 
hach of the cable samples will he terminated in cTmmrctors mivunfed on 
brackets These will be located on the back surface of the upper plates, or on 
tlie base plates for the internally nwrnnfed samples. 



Objective 



ApprosKrh 
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Spaa? Environi.tent Effects on Fiber Optks Systems 

(M0004) 



fuiward W. Tayk>r 
Air furcc WeapiW!* LatK>ratofy, Kinland Air FWcc Base 
Albuquerque, New Mexia> 

Background 

AlthiHi^h ihe application of fiber optic technology in grouiKi-based data 
l!nk> is bcciwiing comnK>nplace. the techmilogy advancement foraen>space 
military applicatiim has ntH yet developed to the extent that full utilization is a 
reality. Although fiber tiptic technology offers advantages such as reduction 
of system susceptibility to electromagnetic pulse (EMP), eiectiumagnetic 
mtertcrence {LMD. system-generated EMP (SGEMP). gixnind kxvp, and 
inadvertent discharge phenomena, the undesirable response of i>ptical fibers 
exposed to ioni/ing radiation is presently of concern to military aerospace 
system designers. Functitmal impnivements, such as weight and power 
reductions, realized thitnigh the ase of fiber irplk technology certainly appear 
attractive at this time, particularly in aeixwpiKre communication systems. 
I lowever , since optical waveguide eiectro-o{nic technology has yet to be used 
in space-Kirne appiicatii>ns. issues such as link life expectancies, power 
consumption, sensitivity, and radiation hardening are of (Mimary concern. 

Space qualification of materials unique to fiber i^ic technology (i.e., 
blinding and potting agents) over a typical temperature range from - 65T to 
I25T under vacuum conditions is an immediate need fw satellite appli- 
cations, in essence, then, fiber t^ic sp;M:e applicatiim must begin with early 
spa*,etlighi assesNUurnt of the influence of iauiKh and orbital extremes. This 
Air Force Weaptms Eabi»rafor> (AFWL) invc ligation, although primarily 
ctmccriicd with the survivability and vulnerability t»f fiber «»ptic systems 
e\pt>\ed It) the space radiatiim environment, is alsi> cognizant i>f the entire 
space qualitication requirement. 

Objectives 

The tvbjectives of this experiment are to assess the pcrfonnance sur- 
vivability of hardciurd fiber <»ptic data link design fiw application in future 
spacecraf t systems and to ct»llect. analyz.e. aiHl document the effects of space 
envintnnienial ccmditions on link performance. Panieuiar attention will be 
directed umuid the infegratitm and operaii<m of new fiber optic link com- 
pt»nents exhibiting increased hardening to radiation environments. T!» 
ptMiunify t*) cxptTse operational fiber optic data links to an ;K;tual space 
envininnient fitr 6 numfhs w longer and to retrieve the data links for analyse 
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is expected to impact lutuw Air Rwcc design of spacc-Muahfied t'b^rgj'*-' 
systems Data from the cxpcnmcnt, along with data (torn previous AFWI. 
material and component radiation response studies, will be used to form 
reliable design criteria for future spacecraft applications, particularly relative 
to the Umg term Um-dose space radiation effects as a function ol temperature. 

Approach 

ITiis investigation is composed of nine distinct experiments ctmsisting of 
both active and passive data links tw ct>mpt>nents. CVrtain links trr com- 
nonenis will he prcirradiated in order to assess the effects of the long-term 
Urn di»se space radiation envin»nnient on link perttmnance. The data rate lor 
the active fiberoptic links was sclc-cted to be 10 Mbits/scv. Shtmn in figure 73 
is a phon»graph ot the fiber t^ptics systems experiment, which will be msta leU 
in a O'in -deep peripheral tray. In all instances, emitters. detc^tt>rs. and all 
i.mnectiirs, couplers, and clecironic comptments are tray shielded, hxperi- 
niental tihrasurements to be pcrttwmed and rectmJed on magnetic .u,k- will 
include bit ernw loss (BHR) burst em>rs and liber altenuatwn losses tor the 
data links in additi*m to fiber temperature and tray volume temperature. 




fifiun- Ti fihvf fjpHf <• systems cxpt'nnwnf. 
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IlicmMtlumincwcnl devices will he used wichin the tray Vi»runie in »>rder l<» 
measure incident radiation. An experiment pnwer and data system (HPI)S) 
will be used tti satisfy the data recording nrquirements. 

A*^ive l-Aperinients 

Activv ilaui links. h>ur active links will he exposed tt> spac«* One 
these links w ill ct»nsist of 45 ni til cabled jilass fiber inct>rp«>rating a her* 
nK'tieally sealed emitter and detector typeratinf. at a waveleniith o( 1 .3 fim. 
Ilie remaining; active links will ctmsist til thive cabled plastic-ct>ated silica 
liber links using I and PIN pht«t>ditKlcs operating at a wavelength of S3(> 
nm. I wo t)i these- links will be 2(» m Kmg and the a-maining link will be 4X m 
IcMig. Optical uawguides. c»»nnectws. and t>ther experimental equipnK>nt 
w ill consist t»t ct»mpt»nents selected acct>rding to a'cent results t>t Air f"t>rce 
studies 

Om -m wmjuruturv data link. A I -m t^ptical data link will be used lor 
recording the a'lative fcm|X'raturc t»f the tray inner volume. 

Passive I xperinients 

Tt n mtltihi links I hree 10 m data links w ill he kvated within the tray 
volume I he links have been preirradiated ami w ill be evaluated up«>n I.DhH 
retrieval lor increased radiation damage. These links will serve primarily as 
comparison links and w ill be evaluated upon LDlif " retrieval lor ctimparistMi 
t4» the active-link experiments, 

Compom nis t yn nnu nt. This experiiiK-nt will ct>ntain pa*irradiated 
and nonirradiaied I.liD s and phtHodimies rigidly nHninied within a sectitm ol 
the tray viiluiiie As in the ca«<' t»t the active and passive links previously 
discussed, each ciiinponent will be charaiferi/ed prior tti laumh anti will be 
tested lunctjonallN ujion mission completion in ortler to assess an\ Jegrada 
Hon eriects Inim iIk- launch »»i orbit CiMiditiiins 
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t)bjiclives 

Ihc prinuHV purp*»se «»t this expcnnurnt is to examine iIk- ellccts of 
Ion- -term e\|Hisure to ihe iwar-liarth space envinmment on advamed elccno 
opifcal and radiation si-nsi>r components. A secondary obiectivc imoUc. afi 
eMibiologv experiment to obserxe the ettetl «»t ionj! duration spacelliiiht on 
Ihe germination rate of selected tcnvstrial plant seeds. 

Approach 

llie apprtiach of the main experimeni is \o measure the i>piKal and 
electrical nnnvrties of the elcctrx>-optical and radiation s*.-nM»r components 
befi»re and after exptisure to the space envin>nment The selected cimnHments 
bemi: tested are hard nHHinU-d in an experiment exp^Jsuiv control canister 
(I ICC) which iKcupies onc-thinl of a O-in.-deep tray, which is then sealed 
iSee III! 74 ) ITie sealed HFCC prevents contamination ot the test com 
p»««nts during gmund transportation to and fttmi the lauiwh sue payUv^Kl 
nriHressing at the launch complex, and launch and landing. Tlie El:CC is 
nn»grammed to t^en 2 weeks after deployment and close I week prior to 
anticipated retrieval. The KKCC will not be reopened until the experiment iws 
been relumed after the flight to the investigator's laboratory . 

The elecini-oplical ami radiation sensor compomrnts iik iude a % anct\ oi 
semiconductiw materials (e.g., CdSe. p-GaAs. n-GaAs. and GaAsh mirrors 
(including fused silica and beryllium?, a Nd ' :glass laser uhI. a tiber optics 
cable, and a variety of polymeric materials. 
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LDEF Missim I Experinwits 



Seed ccMifainer- 
Fiber optics 

SenucondMtofs I 
and polymer 
fiir 

Mirrors - 



lite 





''gurv 74.-' Space environment effects experiment. 
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Elet'tnmu s and Optics 



The secondary exobiology experiment involves a variety of terrestrial 
plant seeds enclosed in a benign environment (dry air) aluminum alloy tube. 
Fbstflight germination rales of diesc seeds will be conqiared to the germina- 
tion rates of control seed san^>les kept on Earth. Uthium fluoride (UF) 
radiation dosimeters are also inclutfed in die seed capsule to provide an 
approximate measure of total space radiation exposure within the capsule. 
The experiment is housed in an aluminum alloy tube and involves seeds of 
hybrid 3358 com, sugar pumpkin, giant gray-striped sunflower, garden bean 
(Tennessee green pod ami bush Romam> #14), Henderson's Inish lima bean, 
and Alaska peu. 
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Symbols and Abtavvfaitioiis 



AFWAL 

AFWL 

AR 

AU 

BER 

CERT 

CFRP 

CHPC 

CNES 

CNRS 

CST 

CVCHP 

DERTS 

DFVLR 

DOD 

DOP 

EAROM 

EECC 

EMI 

EMP 

EPDS 

ESCA 

ESTEC 

EUV 

FRECOPA 

HEPP 

IITRI 

IR 

JSC 

KSC 

LDEF 

LED 

LPSP 

MBB 

MQS 

OCLI 

ONERA 



Air Force WrigM AeronButical Laboratory 
Air Force Weafxins Laboratory 
amiiefiectaiice 
asmmmnical units 
bit eiror loss 

Centre d'Etudes et de Recherches de Toulouse 

catbon-fibCT-reinfoiced plastic 

dicyclohexyl pefoxydk^rbonate 

Centre National d'Etudes Spatiales 

Centre National de la Recheidie Scientifique 

Ce«re Spatial de Tookmse 

cascade varidile-condiictance heat pipe 

Direction d*Etudes et de Recherches et 

Techniip*«s Spatiales 

Deutsche Porscfaungs- und Versuchsanstalt fur 

Luft- und Raumfahrt 

Department of Defense 

di-octyl phthalate 

erasable read-only msmocy 

experim^ exposure control canister 

ekctnmngn^ iniafemK^ 

electrom^n^ pulse 

experinwiM powo- ami d^ system 

electron ^Nxtro&copy for chnnk»l analyses 

Eun^3e»i Space Research and Technology Center 

extreme ultravk>let 

French coqior^ive paykmd 

heat pipe experiment package 

Illinois institute of Techmdogy Research Institute 

infrared 

Jolmaon Space Cemer 
Kennedy Space Center 
Long Duration Exposure Facility 
iight-emitting diode 

Laboratoire de PfiysiqtK Steliaire et Planetaire 

Mcsserschraitt-Bolkow-BkAm GmbH 

metal oxrcfe silkoai 

Optical Coating Labontfory. Inc. 

Office NatioBal d'Etudes et de Redmches 




OSR optical surface reflection 

PCM phase change material 

PIN refers to i^ructure device 

QCM quaitz crystal imcrobalaiice 

RMS remote manipulator system 

SAA South Atlantic anomaly 

SEM scanning electron microscopy 

SGEMP system-generated electromagnetic pulse 

SH supeiheavy 

SIMS secondary ton mass spectroscopy 

STS Space Transportation System 

TLD thermoluniinescem (tosimeter 

TEM transmission electron microscopy 

THERM thermal measurement system 

TTF-TCNQ tetrathiofiilvalenc tetiacyanoquilodiaethane 

u ratio of total kinetic energy of particle, McV, to 

^(miic mass of partkle 

UV ultraviolet 

VCHP variable-conductance heat pipe 

/ nuclear dmrge 

P ratio of particie velocity to speed of light 
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The e]i|)cnniem& cm the fnv mia^skm of die Lo^ DuratkM EjcpoMoc Fwilky «\e 
, described. The LDEF tamch is cttmndy s<^eAikd for STS-13 m csly April 1984 
with tttricval i^ypimimately 12 msai^ laier on a sri»apK^ Stetftfe fligta. The 
LDEF ha!» been desi^ied to piovide a Imfe mnri^ d[ cconon^^i <qif»fl^i»i for 
!4:tence and ledmok^ experiments wUdi n»^e modest eiecirkd power nd <fatfa 
pnKessmg while in i^iece and wbieli'tafefit from poscfli^ mvesi^^i&Mtt wMi Ac 
lefheved haidwaie. In faet* many d die eapamieiit& aie camfksdy pmhfc $md 
depend on poofli^ iidNirsni»y mves^aiiooi for the expermem ftsote. Tbe 
experunent con^ikniafS cm the fnt LMiF ims»on jactojes S7 expeitoeitfi fnmi die 
Un^ed Sme% et^ odier comi^iat. The expgimcat <tecq>lmes corned mchide 
ro^erials, dMifi^. thmnal systems* power, imipdsiao. astrqishyslcs, hmar and 
planetary Mrienceti, life scamm^, etecnonics, and ofilia». 
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